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This dissertation research focused on how the mental imagery that college 
students created and associated with pseudo vocabulary words affected the degree to 
which they learned and remembered the meanings and pronunciations of those words. 
The following major questions were investigated: 1) Does having college students 
generate sensory motor images elaborating the meanings of pseudo words produce better 
memory for the words and their meanings than generating visual images?  2) Does having 
students generate images of either sort produce better memory for the words than having 
students practice verbal meanings of the words? The purpose of this dissertation research 
was to examine empirical support for the following theoretical frameworks: Sadoski and 
Paivio’s (2001) dual coding theory, Heilman, Blair, and Rupley’s (1990) multisensory 
approach to vocabulary instruction, Birsh’s (2007) theory of multisensory teaching, and 
Thelen, Schoner, Scheier, and Smith’s (2001) theory of embodied cognition. Three 
different interventions for the teaching of vocabulary to college students were compared: 
1) having students generate sensory-motor imagery that included auditory, visual, 
textural, olfactory, gustatory, and kinesthetic features; 2) having students generate 




imagery that included only visual features; and 3) in a verbal control condition, having 
students repeat the meanings of the vocabulary words without generating any type of 
imagery.   
Findings indicated a significant effect of trials on definition recall during training 
as well as significant effects of treatment on the learning of definitions during training, on 
the quantitative count of categories and features in the mental imagery reports and on 
training time. Although students in the sensory motor condition generated a larger 
number of categories and features in their imagery reports, this did not significantly 
improve their memory of spellings, pronunciations, or definitions on posttests compared 
to students in the visual and verbal treatment conditions. Furthermore, even though the 
sensory motor group had significantly longer training times than the visual group, which 
had significantly longer training times than the verbal control group, this did not improve 
vocabulary learning. However, the performance of students recalling definitions during 
the first and second test trials of learning explained significant variance across all 
posttests confirming the effects of vocabulary training. Students in both the sensory 
motor and visual groups recalled significantly more definitions than students in the verbal 
control group in the first training test trial when scores were adjusted for entry level 
performance on a vocabulary pretest. However, the verbal group caught up in the second 
test trial where no significant differences were found. In conclusion, each of the three 
conditions in this study provided an effective method of vocabulary instruction and the 
combination of these methods could be of great educational value for students at all 
levels.  
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Chapter 1: Introduction  
 
 Reading comprehension ability is heavily dependent upon vocabulary knowledge. 
Therefore, methods of facilitating vocabulary instruction are key to the development of 
reading comprehension ability and academic achievement in all subject areas. In this 
dissertation the following major questions were addressed: 1) Does having college 
students generate sensory motor images elaborating the meanings of pseudo words 
produce better memory for the words and their meanings than generating visual images? 
2) Does having students generate images of either sort produce better memory for the 
words than having students practice verbal meanings of the words? As an introduction to 
this dissertation, this section will provide an overview of research concerning different 
approaches to vocabulary instruction.  
According to Birsh (2007), one of the ways that vocabulary can be effectively 
taught is through instruction that teaches the meanings of words in the context of reading. 
In a meta-analysis of the effects of vocabulary instruction, Stahl and Fairbanks (1986) 
concluded that when students are asked to study the meanings of words and also to study 
the usage of these words in natural sentences or passages, they can learn how the 
meanings of the words provide information about their meanings in those contexts. 
The National Reading Panel (2000), in a synthesis of library research, identified 
findings that they suggested provide a “scientifically based foundation for the design of 
rich, multifaceted vocabulary instruction.” Three of their recommendations for teachers 
conducting vocabulary instruction were (1) to provide repetition and multiple exposures 
of new words in a variety of contexts; (2) to teach vocabulary words that the learner will 




find useful in many contexts; and (3) to provide active engagement that goes beyond 
definitional knowledge, for example, teaching students how words function in different 
contexts. 
In one of the studies discussed by the National Reading Panel (2000), Cain (2007) 
used third graders to investigate whether word explanations (definitions) facilitated 
students’ word learning from story contexts. The students in Cain’s study read short 
stories containing different novel words and providing contextual cues that could be used 
to infer the meanings of the novel words. Students were then asked to define the novel 
words at the end of each story. This researcher found that although students made gains 
when explanations were provided for pseudo words, they made the greatest 
improvements when they explained their own definitions of the targeted words.  It was 
found that explanation is a useful instructional technique that facilitates children’s ability 
to derive word meanings from context.   
Feynman (1966) talked about how initially teaching the definition of the word 
energy in a first-grade science class was not an adequate method of instruction. He gave 
as an example how the concept of the word energy could be better taught by having a 
child observe the movement of a toy dog and asking the child to explain how it moved. In 
the first-grade science book he was critiquing, there was a picture of a windable toy dog, 
a hand coming to the winder, and then the dog being able to move. Under the last picture, 
it said, "What makes it move?" Later on, there was a picture of a real dog and the 
question, "What makes it move?" The goal of the teacher was to teach the concept that 
energy made the toy move. Feynman argued that it would have been better to have the 




child take the toy apart and see how it works, that is, understand how when a spring 
unwinds it pushes a gear around, and makes the toy move.  
In their review of different methods of vocabulary instruction, Heilman, Blair, and 
Rupley (1990) recommend a multisensory approach to vocabulary instruction. According 
to them, since word knowledge is stored in many forms such as mental pictures, 
kinesthetic associations, smells, and tastes, direct vocabulary instruction should take 
advantage of these different sensory forms of knowledge. 
According to Birsh (2007), the purpose of multisensory teaching is to provide 
instruction that concurrently engages multiple sensory receptors, which encode the 
information simultaneously in different modalities. This then enables knowledge to be 
retained in various domain specific memory stores, especially those associations with 
visual, verbal, kinesthetic, and tactile experiences.  
Various explanations have been hypothesized regarding how multisensory 
procedures enhance reading achievement. Gardner (1985) has argued that memory is 
composed of distinct modules which store different types of information. According to 
Gardner, multisensory instruction should result in greater learning since information 
presented in two or more ways would be stored in different sensory-specific modular 
storage units.  Hallahan and Kauffman (1976) posit that a student who has a limitation in 
one storage system may be able to compensate by means of accessing the information 
available in other modules. According to Hallahan and Kauffman, kinesthetic and tactile 
sensory inputs compensate for weak visual or auditory inputs.  
Howell, Jankowicz, and Becker (2005) have created a model of grounded 
language acquisition that emphasizes the use of sensorimotor features to improve lexical 




and grammatical learning.  They argue that the sensorimotor mental representations for 
concepts which children acquire before they learn the words for those concepts can 
provide scaffolding by which later learning is enabled and facilitated. 
According to Gough and Tunmer’s (1986) simple view of reading, reading 
comprehension ability is dependent upon two component capabilities, word recognition 
and language comprehension. Vocabulary knowledge is a key part of both of these 
components. According to Rosenthal and Ehri (2008), vocabulary knowledge essentially 
involves remembering the pronunciations of words and their meanings along with their 
spellings which become bonded to their pronunciations and meanings. Consequently, the 
amalgam of these three components is stored in memory. This process promotes word 
recognition and the knowledge of the meanings of words which are major contributors 
to a person’s ability to comprehend language. 
Beck and McKeown (1999) and the National Reading Panel (2000) provide 
evidence that vocabulary knowledge is crucial for successful reading comprehension and 
academic achievement. Research has shown that children who enter school with limited 
vocabularies are never able to catch up to peers who have more extensive vocabularies at 
the beginning of school (Biemiller, 2001). Cunningham and Stanovich (1997) have 
shown in a correlational longitudinal study that knowledge of vocabulary measured in the 
first grade is predictive of over 30 percent of the variance in reading comprehension in 
the eleventh grade.   
In addition, several experimental studies have been conducted in which 
researchers have experimentally manipulated the vocabulary instruction process to 
examine the effects upon reading comprehension. The National Reading Panel (2000) 




indicated that several studies attempted to examine the causal relationship between 
vocabulary and comprehension. Stahl and Fairbanks (1986) completed a meta-analysis 
and concluded that vocabulary instruction was an important component for 
comprehension. They found that the best vocabulary instructional techniques were mixes 
of definitional and contextual programs. The keyword method, which according to 
VandenBos (2007), is a mnemonic strategy in which a keyword associated with the sound 
of a new vocabulary word is connected to the new word in a mental image. This method 
produced some significant gains in recall, and repeated exposures to words were also 
found to be effective.  
 Experimental studies such as Beck, Perfetti, and McKeown (1982), McKeown, 
Beck, Omanson, and Perfetti (1983), Kameenui, Carnine, and Freschi (1982), and Stahl 
(1983) found that vocabulary instruction appeared to improve comprehension. Beck, 
Perfetti, and McKeown (1982) found that 4th grade students who received vocabulary 
instruction performed better on semantic tasks than students who did not receive 
instruction. In this study 27 4th-grade children were taught 104 words over a five-month 
period of time. Following instruction, participants performed tasks that were designed to 
require semantic processes ranging from single word semantic decisions to simple 
sentence verification and memory for connected text. On all of the required tasks, 
instructed participants performed at a significantly higher level than controls matched on 
pre-instruction vocabulary knowledge and comprehension.  
In a replication of the Beck, Perfetti, and McKeown (1982) study, McKeown, 
Beck, Omanson, and Perfetti (1983) argued that the original study showed substantial 
gains in accuracy of word knowledge and speed of lexical access, but only marginal gains 




in comprehension. They believed that this latter finding was the result of methodological 
problems, and as a result the comprehension measure was revised. Two measures of 
comprehension, story recall and answers to multiple-choice questions, were utilized in 
this second replication study. In the replication study they found that vocabulary 
instruction had a strong relation to text comprehension for 4th grade students. This 
instruction was found to enhance children's comprehension of stories that contained 
instructed words and according to the authors strengthened the conclusion which had 
been tentatively reached in the original study.  
Kameenui, Carnine, and Freschi (1982) found that the substitution of easy for 
hard vocabulary words, the inclusion of redundant information, and instruction on 
difficult words facilitated comprehension. In two experiments that involved 120 4th to 6th 
graders, it was found that the substitution of easy vocabulary words for difficult 
vocabulary words in a contrived passage made the text significantly easier to comprehend 
and that redundant information in a text significantly contributed to successful text 
comprehension. Instruction on difficult vocabulary words facilitated comprehension in 
both experiments. 
Stahl (1983) studied the effects of vocabulary pre-instruction on reading 
comprehension for fifth-grade readers. These readers were chosen through the 
examination of the school records of fifth graders from six classes in three schools in a 
middle-class suburb north of Boston. All children who scored between the 40th and 60th 
percentile on a standard reading achievement test given at the end of fourth grade were 
identified. The resulting 28 students were grouped by class into three order groups (A, B, 
and C) having 6, 11, and 11 subjects, respectively. These order groups were supposed to 




be equal in size, but differential subject loss due to subjects either knowing too many 
words on the pretest or having excessive absences left the groups unbalanced. There were 
no significant differences among the three order groups on the group reading test. 
Each order group received three separate treatments in different, counterbalanced 
orders, using a differing list of ten words each week for three weeks. The first treatment 
provided the students with only definitional information about each target word.  
The second treatment, referred to as a mixed treatment, provided the students with both 
definitional and contextual information about the target words. The contextual 
information provided different usages about each target word in two separate sentences. 
In addition, when students received this treatment, they were asked to generate their own 
sentences. A control treatment provided the students with no special training on the target 
words. In this treatment, the students completed and discussed exercises from a 
supplementary comprehension skills book.  
For two of the three order groups on the passage comprehension test and for all 
students on two sentence comprehension measures and a multiple-choice synonym test, 
both vocabulary treatments produced significantly higher scores than the no-training 
control condition. According to Stahl (1983), this indicated that pre-instruction had a 
significant effect on both comprehension and vocabulary learning. In addition, a mixed 
method of vocabulary instruction, which provided both definitional and contextual 
information about the taught words, produced significantly higher comprehension scores 
than did a definitional method.  
According to Cohen and Johnson (2011), vocabulary instruction enhances 
students’ ability to understand the meaning of words and is critical if students are to learn 




content from their school curricula. The purpose of this dissertation was to study how the 
mental imagery that college students create and associate with pseudo vocabulary words 
affects the degree to which they learn and remember the meanings and pronunciations of 
those words. The problem area investigated addressed the following major questions: 1) 
Does having college students generate sensory motor images elaborating the meanings of 
pseudo words produce better memory for the words and their meanings than having them 
generate visual images?  2) Does having students generate images of either sort of image 
produce better memory for the words than having students practice verbal meanings of 
the words?  
Another purpose of this dissertation was to seek empirical support for the 
theoretical frameworks of Sadoski and Paivio’s (2001) dual coding theory, Heilman, 
Blair, and Rupley’s (1990) multisensory approach to vocabulary instruction, Birsh’s 
(2007) theory of multisensory teaching, and Thelen, Schoner, Scheier, and Smith’s 
(2001) theory of embodied cognition. The focus of this dissertation research was to 
compare three different interventions for the teaching of vocabulary to college students: 
1) having students generate sensory-motor imagery that includes auditory, visual, 
textural, olfactory, gustatory, and kinesthetic features, 2) having students generate 
imagery that includes only visual features, and 3) having students repeat the meanings of 
the vocabulary words without generating any type of imagery. 
In this dissertation research study, undergraduate college students were presented 
with a vocabulary-learning task in which the spoken and written forms of pseudo words 
were presented and defined for them. One group of students was instructed to form a 
sensory motor action image of the meaning of the word by using a checklist of possible 




sensory motor categories and features to plan what they would imagine. They were 
instructed to use this checklist to help them imagine that they were an actor doing 
something with it or interacting with the meaning of the word in a movie. In addition to 
using their visual and auditory senses, they were asked to also utilize their gustatory, 
olfactory, tactile, and kinesthetic senses as they were imagining that they were interacting 
with the meaning of the word. They were asked to report orally on what they were 
imagining.  
A second group of students was instructed to form a visual image of the meaning 
of the word by using a checklist of possible visual categories and features to plan what 
they would imagine. They were instructed to use this checklist to help them imagine that 
they were watching a movie that elaborated on or expanded upon the meaning of each of 
these words. They were asked to report orally on what they were imagining.  
A third group, serving as a verbal control, was told the word and its meaning and 
instructed to repeat the word and the meaning. They were told that one way to remember 
each word was to look at its spelling, read the word (aloud), see and hear a sentence 
defining the word, and to repeat (the word and) it’s meaning three times.  
In each of the three conditions, the task was introduced by providing students with 
practice forming images or repeating meanings. Then two study trials were interleaved 
with two test trials followed by a series of posttests to examine how much memory 
improved over time. Also, the students completed a multiple-choice test where they were 
asked to identify the words that they learned. In addition, they were questioned about the 
mnemonic strategies they utilized to learn the words. Then, a final delayed recall test was 
administered at least 14 days later to assess memory for the meanings of the words. 




Chapter 2: Review of Literature  
 
 This literature review provides theoretical and research background and a 
rationale for the conduct of this dissertation research study. This review presents a 
discussion of theories and empirical research relevant to the topics of vocabulary 
development and instruction as well as vocabulary processing and brain activation. It 
concludes with a discussion of research studies done on the effectiveness of word 
learning through different sense modalities, research studies on the effect of imagery 
upon vocabulary and reading development in college students, and recent research studies 
on vocabulary and reading development. 
 Theories of Cognition and Vocabulary Development  
 
 An overview is provided of major cognitive theories that explain how individuals 
develop their understanding of vocabulary words. These include linguistic, symbolic, and 
conventionality theories; dual coding theory; and embodied (modal) versus nonembodied 
(amodal) theories of meaning. 
Linguistic, Symbolic, and Conventionality Theories  
 
Bloom’s (2001) linguistic-based cognitive theory proposes that word learning is 
the product of certain sophisticated cognitive and linguistic abilities that include the 
ability to acquire concepts, the utilization of syntactic cues to meaning, and an 
understanding of the mental states of other people (i.e., theory of mind). He presents this 
theory as an alternative to the views that word learning is the result of simple associative 
learning mechanisms and that children possess certain innate or learned constraints that 
are specifically dedicated to word learning. His theory is intended to account for how 




children learn names for objects, substances, and abstract entities; pronouns and proper 
names; determiners; prepositions; and number words. This dissertation research sought to 
address those higher-level cognitive functions, which are related to the learning of 
unfamiliar nouns including their spellings, pronunciations, and definitions.  
In contrast to Bloom (2001), Koenig and Woodward (2007) propose that many of 
the component abilities that initially promote the development of word learning are not 
specifically linguistic in nature but are symbolic. They argue that initially, children begin 
the word learning process through a general openness to signs that they are willing to 
adopt as object labels; these include a range of different symbolic media that include 
words, gestures, non-verbal sounds, and pictograms which are all arbitrarily associated 
with their referents. Then a preference for the verbal modality begins to emerge perhaps 
due to the development of a more sophisticated understanding of the conventions that 
govern their language. This dissertation research addressed both the linguistic and 
symbolic development of vocabulary.  
Koenig and Woodward (2007) also point out the developmental significance of 
cues to referential intent provided to young children by adult speakers; the conventional 
understanding that all speakers in a community use the same word to convey a given 
meaning; and the power of the connection between words and concepts from very early 
in life.  They also note that bottom-up associative learning alone cannot account for the 
conceptual basis of word meanings due to the robust nature of knowledge that is evident 
in young children’s language use and learning. Furthermore, they argue that early in 
language development, young children appear to appreciate the relationship between 
syntactic and semantic categories and are able to use this relationship to infer certain 




aspects of word meanings and to “bootstrap” their way into the syntax of their native 
language. The purpose of this dissertation was to investigate whether in addition to these 
conventions, learners may utilize mental imagery to promote their understanding and 
recall of the meaning of new and unfamiliar words.  
Clark (1993) proposes that word learning is guided by several pragmatic 
principles that include a principle of conventionality which states, “For certain meanings, 
there is a form that speakers expect to be used in the language community” (p. 67). Clark 
also cites the importance of a young child’s understanding that linguistic forms comprise 
a system in which different forms convey different meanings. Therefore, according to 
Clark’s principle of contrast, if a person uses a word other than the conventionally 
appropriate one in a given situation, they must intend to convey a meaning other than that 
conveyed by the conventional form. This dissertation investigated whether in addition to 
conventionality, individuals may utilize visual and sensory motor imagery to assist them 
in their learning and recall of unfamiliar words.  
Dual Coding Theory  
 
 Dual coding theory is one of the major theoretical foundations for this 
dissertation. It underscores the importance of both verbal and imagery connections when 
individuals are learning the meanings of new and unfamiliar words. In dual coding 
theory, Sadoski and Paivio (2001) draw a distinction between a verbal memory system 
and a nonverbal imagery system.  According to them, written words represent 
pronunciations in another modality as a visual image that enhances the memorability of 
these words.  




Paivio (1986) argues that dual coding theory implies that the development of 
associations between precisely-learned visual and auditory-motor mental representations 
are important in the decoding of words and that the development of associations between 
these representations and both mental images of picture meanings and verbal contextual 
meanings should promote the learning of sight words.  He also argues that dual coding 
theory suggests that the combination of the keyword method with contextual analysis 
should be particularly effective because learning would occur in the two codes in 
different ways with potentially additive effects. The keyword method is a type of direct 
instruction in which learners are required to form an interactive mental image of the 
definition of the new vocabulary word and a familiar concrete word that shares a similar 
acoustic element. 
According to Paivio (1971, 1986), rather than abstract propositional 
representations, individuals represent information in combined verbal and visual codes. 
He suggests that when a sentence is heard, individuals develop an image of what it 
describes. If later they remember the visual image and not the sentence, they will 
remember what the sentence was about, but not its exact words. Similarly, when they see 
a picture, they might describe to themselves the important features of that picture. If they 
later remember their description but not the picture, then they will not remember the 
details which they did not think were important to describe. 
According to Sadoski (2006), concrete language has an advantage over abstract 
language in that it can be more easily represented and processed in two codes (i.e., dual 
coding).  In addition, he points out that studies of neuropsychology have determined that 
regions of the left hemisphere of the brain are more specialized for verbal tasks, whereas 




regions of the right hemisphere are more specialized for imaginal tasks. He notes that 
reviews of picture effects indicate that the use of pictures in sight word learning is still an 
unresolved issue but that the practice of using them is still popular in beginning reading 
materials such as basal readers.  
Embodied (Modal) Versus Nonembodied (Amodal) Theories of Meaning  
 
According to Thelen (2000), to say that cognition is embodied means that it is 
derived from bodily interactions with the world and that it is continually “meshed” 
(Thelen, 2000, p. 5) with them. From this perspective, cognition is dependent upon types 
of experiences that come from having a body with specific perceptual and motor 
capabilities that are “inseparably linked” (Thelen 2000, p.5) and that combined “form the 
matrix within which reasoning, memory, emotion, language and all other aspects of 
mental life are embedded.” (Thelen, 2000, p. 5). This dissertation investigated whether an 
individual who is taught how to form visual and sensory motor imagery of a new and 
unfamiliar word will be better able to learn and recall the meaning of that word than if 
they are simply taught the verbal meaning of that word. In addition to dual coding theory, 
embodied (modal) theories of vocabulary development  are a major theoretical 
foundation of this dissertation research.  
According to Barsalou (2008), theories of grounded cognition propose that 
knowledge is represented in modal symbol systems that are derived from perception and 
that cognition is dependent upon perceptual stimulations.  This is in contrast to amodal 
symbol systems in which the elements within a system are inherently nonperceptual. In 
amodal systems the original stimulus may be a picture or a sentence, but the 
representation is abstracted away from the verbal or visual modality (Barsalou, 1999). 




According to Lakoff and Johnson (2003), conceptual metaphor theory is one approach to 
grounded cognition that suggests knowledge is structured by metaphorical mappings that 
come from sensory experience. In accordance with grounded cognition and modal 
symbol systems, this dissertation compared the effectiveness of the formation of visual 
imagery versus sensory motor imagery upon the learning and recall of new and 
unfamiliar words.  
Anderson (2010) distinguished between the amodal hypothesis and the 
multimodal hypothesis in terms of how information may be related between different 
perceptual and motor modalities. The amodal hypothesis proposes that there is an 
intermediate abstract system such as a propositional representation in which individuals 
convert back and forth between the perceptual and motor representations of information 
and the abstract representations of that information. For example, in order to convert a 
picture into an action, an individual first converts the visual representation into an 
abstract representation of its significance and then converts that representation into a 
motor representation. The key idea in this hypothesis is that individuals remember the 
meaning of what they experience but not the details. Therefore, the amodal hypothesis 
posits that information is retained in the central meaning system. This dissertation 
examined whether individuals will be better able to learn the meanings of unfamiliar 
words when simply taught the abstract and verbal meaning of these words than when 
taught to form visual and sensory images associated with these words.  
In contrast, the multimodal hypothesis maintains that individuals convert 
information from the modality of the presentation to some other modality (Anderson, 
2010). The multimodal hypothesis posits that individuals have various representations 




linked to different perceptual and motor systems and that they have the means to directly 
convert one representation to another. For example, they have the ability to convert a 
visual representation into a motor representation as well as the ability to convert the 
representations in the opposite direction. This hypothesis would most likely predict the 
greater success of individuals who attempt to learn unfamiliar words by forming sensory 
motor images of these words than of individuals who simply form visual images of these 
words. This is due to the proposition that individuals who attempt to learn unfamiliar 
words by forming visual, auditory, gustatory, olfactory, tactile, and kinesthetic images of 
these words may be able to directly convert these multiple sensory representations into 
multiple motor representations and vice versa.  
Sensory motor images are images formed by individuals who are imagining that 
they are personally interacting with the meaning of a word, that is, they are seeing 
something that is associated with the meaning of a word, they are hearing something that 
is associated with the meaning of a word, they are tasting something that is associated 
with the meaning of a word, they are smelling something that is associated with the 
meaning of a word, they are feeling something that is associated with the meaning of a 
word, and/or they are experiencing movement of their bodies as a result of their 
interaction with this word. Therefore, it is reasonable to predict that those students who 
have imagined multiple sensory images of the meaning of a word will be able to form 
many more motor representations of that word and will be better able to learn and 
remember the meaning of that word than will students who have imagined only visual 
images of the meaning of a word.  




Barsalou (2008) proposed a hypothesis called the perceptual symbol system, 
which is an extension of the dual coding theory. This hypothesis suggests that all 
information is represented in terms that are specific to a particular perceptual modality 
(visual, auditory, etc.) and fundamentally perceptual. The perceptual symbol system is an 
extension of dual coding theory’s proposal that, rather than abstract propositional 
representations, individuals represent information in combined verbal and visual codes. 
In the current dissertation study, the individuals assigned to the visual imagery 
intervention were instructed to utilize this type of system to learn and recall the meanings 
of unfamiliar words.  
Gibson’s differentiation theory (Gibson, 1969, 1988) makes the assumption that 
since the environment provides a constant stream of information to the senses, this 
information must be selectively processed in an organized manner. According to this 
theory, the perceptual system would be overwhelmed if all types of information in the 
environment were simultaneously attended to and processed concurrently. This theory 
proposes that amodal or global information seems to be naturally detected or, in Gibson’s 
terms, differentiated and attended to, first.  According to Gibson, amodal information 
consists of those features of an object or event that can be detected by two or more senses 
simultaneously. Therefore, Gibson might argue that students in the sensory motor 
intervention of this dissertation might have been overwhelmed by imagery resulting from 
multiple sensory motor modalities that included simultaneous visual, auditory, olfactory, 
gustatory, tactile, and kinesthetic inputs.  
The “embodied cognition” perspective focuses on the contribution of motor action 
and how it connects individuals to their environments. Glenberg (2007) presents the 




argument that an individual’s understanding of language is often dependent upon the 
covert acting out of what that language describes.  In addition, according to Pulvermuller 
(2005), the cortical systems which process information about the referential meaning of a 
word appear to determine the cortical distribution of the neuronal network that that word 
activates. The embodied cognition perspective might explain an individual in the sensory 
motor intervention of this dissertation research who as a result of forming sensory motor 
images with an unfamiliar word was experiencing kinesthetic connections with that word. 
According to Glenberg, Gutierrez, Levin, Japuntich, and Kaschak (2004), theories 
of linguistic meaning are based on amodal, abstract, and arbitrary symbols (AAA 
symbols). These authors cite two major reasons for the predominance of AAA symbols. 
First, they are easy to implement in formal computer and mathematical models. Second, 
they are compatible with theories of cognitive psychology and artificial intelligence and 
the major tenet that thinking is nothing more than the manipulation of AAA symbols by 
rules and that it can be modeled by computer simulations. However, they also point out 
that theories that are based on AAA symbols and that do not account for perceptual 
information cannot adequately model human thinking because AAA symbols cannot by 
themselves generate meaning. The verbal control students in this dissertation research 
were focused on the AAA symbols associated with the words that they were being 
instructed to learn by means of repeating the definitions of these words. 
In contrast, Glenberg et al. (2004) note that unlike AAA symbols, perceptual 
symbols are not amodal and arbitrary. They are instead patterns of neural activity 
abstracted from perceptual experience by selective attention. Therefore, their intimate 
relation with perceptual experience grounds them. For example, Barsalou, Solomon, and 




Wu (1999) have demonstrated that variability in the features listed for a concept and 
variability in the order in which features are listed are controlled by the perceptual 
stimulation being engaged rather than by an abstract, unchanging semantic 
representation. These perceptual symbols are the types of connections that the sensory 
motor and visual imagery students in this dissertation research were instructed to make. 
Methods of Vocabulary Instruction  
 
Since this dissertation research implemented new methods of vocabulary 
instruction, it is initially important to provide some background on current and past 
methods of vocabulary instruction that have been utilized to teach students about the 
meanings of new and unfamiliar words. According to Heilman, Blair, and Rupley (1990), 
there are a variety of approaches utilized to teach vocabulary to students. These include 
direct instruction approaches, conceptual approaches, and language-based approaches. 
Direct instruction approaches consist of semantic mapping, concept-of-definition 
instruction, semantic features analysis, teaching relationships among words, generative 
reading vocabulary instruction, and structural analysis instruction. Conceptual approaches 
consist of contextual analysis, different meanings for the same word, and homonyms. 
Language-based approaches include independent reading programs. Below are 
descriptions provided by Heilman, Blair, and Rupley of these various approaches. 
Semantic mapping is a direct instruction approach that involves selecting a word 
that is central to a topic or story; writing the central word on the chalkboard or a chart; 
brainstorming words related to the central theme or topic and writing these words; 
grouping these words into categories and labeling these categories; and noting additional 
words essential to the topic and placing these additional words in the appropriate 




categories. In their discussion of the semantic map, students should think about the 
relationships between the target word and their experiences.  
Concept-of-definition instruction involves helping students to develop a concept 
of a definition. Three key questions asked about a concept are: 1) What is it? 2) What is it 
like? and 3) What are some examples?  The verbal control group of this dissertation 
research was exposed to a direct instruction definition type approach to vocabulary 
instruction in which they were instructed to repeat a new and unfamiliar word and the 
meaning of that word in the form of a sentence three times. If students in the verbal group 
were asked to develop a concept-of-definition map of the word, “liggenwal”, which was 
defined as a person who is very mean to other people and animals, they might first have 
said in answer to the question, “What is it?”, It is a person who is very mean to other 
people and animals.” In answer to the question, “What is it like?”, they might have said, 
“He or she curses out other people”, or “He or she kicks animals such as dogs.” In answer 
to the question, “What is an example of a “liggenwal”?, they might have said, “It is a 
person who chases after young children on the street in order to scare them.”   
Semantic features analysis helps students to understand relationships among 
words and to relate their background knowledge to the new words.  The semantic features 
hypothesis was originally proposed to account for certain patterns in children’s early 
spontaneous word uses (Clark, 1973). According to Clark (2009), the analysis of word 
use identified properties such as shape or size as semantic features, but conceptual 
information does not map in any direct fashion onto meanings. She believed that this 
approach to meaning acquisition provided only a general account of early word uses, that 
there were some consistent errors of interpretation by children, and that it was only 




partially successful in predicting order of acquisition. Also, she thought that it offered no 
account of situations where word meanings could not be decomposed into smaller 
elements (Clark, 1983). 
According to Heilman, Blair, and Rupley (1990), generative reading vocabulary 
instruction is designed to enable students to learn the meanings of several related words. 
This approach can be utilized in the teaching of synonyms, antonyms, context clues, 
roots, prefixes, suffixes, and concept classifications. Similarly, structural analysis 
involves the teaching of prefixes, suffixes, and inflectional ending to help students relate 
new words to words that they already know. In addition, this approach can enhance the 
understanding of the meaning relationships among derived words within a family. 
Also, according to Heilman, Blair, and Rupley (1990), contextual analysis is a 
contextual approach in which students are taught to use context and their knowledge of 
prefixes, roots, and suffixes to figure out the meaning of new words. Contextual analysis 
is taught most effectively by guided practice where the teacher models the procedures 
and uses familiar written examples.  Students may also be taught the different meanings 
of the same word so that they may learn the relationships of words to each other and the 
subtle meanings conveyed by the same word depending upon the context in which a word 
appears and their own background experiences. The teaching of homonyms (i.e., words 
that sound alike but are spelled differently) can also help students to improve their sight 
recognition and meanings.  
A famous example of literature in which contextual analysis may be utilized to 
figure out the meanings of new words is “Jabberwocky.” “Jabberwocky” (Carroll, 1872) 
is a nonsense poem that appeared in the Lewis Carroll book, “Through the Looking Glass 




and What Alice Found There.” According to Rose (1995), Jabberwocky “makes sense” 
and is structured based on the semiotic principles of syntactics, semantics, and 
pragmatics. He goes on to say that the poem has meaning on two different levels, one 
‘denotational’ (as relatively decontextualized text), and the other ‘interactional’ (as 
relatively contextualized discourse). He indicates that Carroll’s monosyllabic words were 
phonologically correct according to the English language and that a range of standard 
grammatical devices is used in the poem. For instance, all ‘hard’ verbs have proper tense. 
Rose also points out that the primary vehicle of denotational meaning in ‘Jabberwocky’ is 
its poetic structure that establishes a variety of meters. In addition, many of the ‘easy’ and 
‘hard’ words convey symbolic and indexical (relational) meanings that specify the poem 
as a mock-Old English ballad.  
According to Heilman, Blair, and Rupley (1990), language-based approaches are 
also utilized to teach vocabulary to students. These approaches include independent 
reading programs that allocate time for students to read on their own. Methods of 
promoting independent reading include bookselling sessions, class book fairs in which 
students are read aloud to on a regular basis, creating a book corner in the classroom, 
utilizing children’s literature, and providing free-reading sessions daily.  
According to Sadoski and Paivio (2013), dual coding theory principles are 
consistent with many traditional practices in reading instruction such as concept maps or 
graphic organizers, the keyword method for learning first-and second-language 
vocabulary, and multisensory instruction in literacy and other fields. Concept maps or 
graphic organizers are similar to the semantic maps discussed above in that they have 
students identify the relationships between a new word and groups of other words with 




which they are more familiar. The keyword method is defined as a two-stage mnemonic 
procedure for remembering new words that have an associative component (Pressley, 
Levin, & Delaney, 1982). To use this method, a sound or image linkage between a new 
second language word and a word in the first language should be created. As a result, this 
method consists of two main acoustic and mental linkages (Taheri &Davoudi, 2016). 
Multisensory instruction, as discussed earlier, is an approach advocated by Gardner 
(1985) who posits that multisensory instruction should result in greater learning because 
information presented in two or more ways would be stored in different sensory-specific 
modular storage units and Hallahan and Kauffman (1976) who propose that a student 
having a limitation in a storage system for visual and auditory input may be able to 
compensate by means of accessing the information available in other kinesthetic and 
tactile sensory inputs. 
Research Studies on the Effectiveness of Different Methods of Vocabulary Instruction  
 
In this section, a summary of research studies assessing the effectiveness of 
different methods of vocabulary instruction is provided. This overview of research will 
provide some historical perspective on how previous research studies have investigated 
the success or failure of various ways in which to teach students the meanings of new and 
unfamiliar words.  
Many studies have examined the effectiveness of different methods of teaching 
children the semantic features of words. In a classic study conducted in 1950, Werner and 
Kaplan investigated experimentally the processes underlying the acquisition of word 
meaning through verbal contexts. According to Werner and Kaplan, a child acquires the 
meaning of words mainly in two different ways. The first way is through explicit 




reference either verbally or objectively. In other words, they learn to understand verbal 
symbols through an adult’s direct naming of objects or through verbal definition. The 
second way is by means of implicit or contextual reference; in this situation the meaning 
of a word is grasped during the course of a conversation. Therefore, it is inferred from the 
cues of its verbal context.  
According to Werner and Kaplan (1950), it is most likely the case that during 
their early years a child learns the meaning of verbal symbols mainly in concrete 
situations through the handling of objects in the presence of adults, direct pointing, 
naming, and similar situations. However, as a child becomes older, the learning of words 
occurs more through verbal contexts. Relevant to this development, Ogden and Richards 
(1930), in an observation concerning the acquisition of vocabulary say, “It is rare for 
words to be formed into contexts with non-symbolic experience directly, for as a rule 
they are learnt only through other words. We begin early to use language in order to learn 
language.” 
In their study, Werner and Kaplan (1950) designed a “Word-Context Test.” This 
test utilized artificial words that were embedded in sentences. In going from one context 
to another, (i.e., sentence) each study student (children between the ages of 8.6 and 13.5 
and with an interquartile I.Q. range of 101 to 111) was expected to come up with the 
meaning of the artificial word. Each of these words signified either an object or an action 
varying in degrees of concreteness.  
In the first part of their analysis, Werner and Kaplan (1950) looked at the 
correctness and uniformity (i.e., the synonymity or equivalence of verbal symbol usage) 
of solutions.  The correct solutions showed a significant increase between ages 9 and 10, 




10 and 11, and 12 and 13.  In the second part of their analysis, they found a significant 
increase from ages 9 to 10 in incorrect complete solutions with a steady decrease 
thereafter. The instances where no solutions were obtained decreased, though not 
significantly, from age to age. The over-all developmental change indicated by the 
difference between the first and the last age groups was significant for each of four 
categories of solutions (literally unique solutions, literally nonunique solutions, 
semantically unique solutions, and semantically nonunique solutions). At the younger 
ages where there was little synonymity between solutions, the numerical discrepancy was 
slight between solutions that were literally different and those that were semantically 
different; at higher age levels many solutions that were literally different were 
semantically related. Therefore, the decline of solutions that were semantically unrelated, 
or unique, was steeper than the decline of literally unique solutions. 
More recently, the National Reading Panel (2000), in a synthesis of library 
research, identified eight findings that provided a “scientifically based foundation for the 
design of rich, multifaceted vocabulary instruction.” Below is a listing of these findings 
as well as a reference to research studies supporting these findings. 
The first recommended finding was to provide direct instruction of vocabulary 
words for a specific text.  The second was to provide repetition and multiple exposures in 
a variety of contexts to vocabulary items. The verbal control group in this dissertation 
research utilized such an approach by instructing the students to repeat the meanings of 
new and unfamiliar words three times. The third was that vocabulary words taught should 
be those that the learner will find useful in many contexts. The fourth was that vocabulary 
tasks should be restructured as necessary. The fifth was that vocabulary learning is 




effective when it entails active engagement that goes beyond definitional knowledge 
(e.g., knowing how the word functions in different contexts). The sixth was that computer 
technology can be used effectively to help teach vocabulary. The seventh was that 
vocabulary can be acquired through incidental learning including structured readalouds, 
discussion sessions, and independent reading experiences at school and home. The eighth 
was that dependence on a single vocabulary instruction method will not result in optimal 
learning. 
The National Reading Panel (2000) also cited three major research themes. The 
first research theme they cited was that a higher frequency of exposure to targeted 
vocabulary words will increase the likelihood that young children will understand and 
remember the meanings of new words and use them more frequently. Biemiller and 
Boote (2006), in a multiple study design of kindergarteners, first graders, and second 
graders, found that the repeated reading of a storybook resulted in greater average gains 
in word knowledge. This dissertation research study incorporated the instructional 
strategy of word and meaning exposure in all three treatment groups. 
In Biemiller and Boote’s (2006) first study, the students read two books twice in 
one week and then read a third book four times. There was an average gain of 12% on 
word meanings with these repeated readings. The addition of word explanations added 
another 10% gain for a total gain of 22%. Kindergarteners made the greatest gain. 
Biemiller and Boote’s second study was conducted in the following year with the same 
students. A five-day instructional sequence was created for each story and word 
meanings taught were increased from 4 on day 1 to 6 on day 2 to 7 on day 3, and to 9 on 
day 4. A review of the words was conducted on day 5. Each story was read four times, 




with a review each day. The repeated oral reading of stories was combined with an 
explanation of words. On the fifth day, context sentences were added to the program. In 
the second study there was a 41% gain in word meaning scores among the study students. 
The second research theme cited by the National Reading Panel (2000) was that 
the explicit instruction of words and their meanings increases the likelihood that young 
children will understand and remember the meanings of new words. As discussed earlier, 
Cain (2007) conducted a study with third graders that examined whether or not the use of 
word explanations (definitions) facilitated students’ word learning from story context. It 
was found that although students made gains when explanations were provided for 
unfamiliar words, they made the greatest increases when they explained their own 
definitions of the targeted words. The participants in the verbal control group of this 
dissertation research study were asked to repeat the meaning of each new and unfamiliar 
word three times.  
The third research theme cited by the National Reading Panel (2000) was that 
children are more likely to learn the meanings of new words when teachers highlight 
targeted vocabulary words through questioning or language enhancement activities. In a 
study of the effects of teacher questioning, Blewitt, Rump, Shealy, and Cook (2009) 
conducted one experiment to assess the effects of low and high demand questions on 
word learning during story book reading and another experiment to address the value of 
scaffolding questioning as students become more familiar with words. These researchers 
found that preschool students (three-year-olds) made greater gains in word learning when 
teachers initially asked low demand questions and then gradually increased the 
complexity of their questions to a high demand level.  




In a multi-focused experimental study of kindergarten students, Coyne, McCoach, 
and Kapp (2007) divided students into three groups: one was provided with the 
opportunity to learn targeted words through interactive experiences which extended 
beyond just listening to oral reading of the text; another involved reading of a story 
without direct instruction; and a third involved the embedding of word definitions during 
story reading. It was found that there was minimal word learning through incidental 
exposure to the words in the second group and only partial knowledge of the targeted 
vocabulary in the third group. These researchers found that the extension of word 
knowledge through dialogue and interactive experiences in the first group of students led 
to greater learning of the meanings of targeted words.  Furthermore, the children in the 
first group maintained word knowledge for six to eight weeks after instruction. 
Jitendra, Edwards, Sacks, and Jacobson (2004) summarized published research 
studies on vocabulary instruction that involved students with learning disabilities. They 
reviewed nineteen studies that comprised 27 investigations and included keyword or 
mnemonic approaches, cognitive strategy instruction (e.g., semantic features analysis), 
direct instruction (DI), constant time delay (CTD), activity-based methods, and 
computer-assisted instruction (CAI). They found that whereas the keyword, cognitive 
strategy, DI, CTD, and activity-based procedures were generally effective in enhancing 
vocabulary performance for students with learning disabilities, the results for CAI were 
mixed. 
In their review, Jitendra, Edwards, Sacks, and Jacobs (2004) defined cognitive 
strategy instruction as a means for providing students with strategies and a framework for 
understanding a semantic network of words. They explained that semantic features 




analysis (SFA), Semantic Mapping (SM), and Semantic/Syntactic Feature Analysis 
(SSFA) are interactive cognitive strategies that are designed to help students categorize 
vocabulary words by noting similarities and differences among related words (Bos and 
Anders, 1990). According to Jitendra et. al (2004), ten similar investigations by Bos and 
her colleague (1990) provided support for utilizing interactive cognitive strategies to 
foster vocabulary learning by students with learning disabilities. 
Bos and Anders (1990) conducted a study with 61 students, average age 13.8, 
with the diagnosis of learning disability. Students were randomly assigned to one of four 
different groups: direct instruction, semantic mapping, semantic feature analysis, and 
syntactic/semantic feature analysis. The study extended over a seven-week period of time 
with eight different sessions which each lasted 50 minutes. The dependent measures in 
this study were a 30-item multiple-choice science passage comprehension test and written 
recalls. On a vocational posttest, the semantic feature analysis, semantic mapping, and 
syntactic/semantic feature analysis groups all outperformed the direct instruction group. 
On comprehension items, the semantic mapping group outperformed the direct 
instruction group. In a four-week follow-up vocational test, the order of performance by 
the different treatment groups was as follows: 1) semantic feature analysis, 2) semantic 
mapping, 3) syntactic/semantic feature analysis, and 4) direct instruction. On the 
comprehension test, the first three groups all outperformed the direct instruction group. 
Ouellette (2010) conducted a study with second-grade students that examined the 
relevance of type of practice and presence of semantic representation for orthographic 
learning in learning to spell. Half of the students practiced reading novel non-words, 
whereas the others spelled them. He found that there was a significant main effect of 




practice type favoring spelling practice and a main effect of the teaching condition, where 
the taught items paired with semantic information were spelled correctly more often than 
words presented without semantic support. Overall, it was found that orthographic 
learning involved the integration of phonological, orthographic, and semantic 
representation. In a spelling and meaning recall posttest in this dissertation research study 
the researcher will pronounce each word and the student participants will be asked to 
write each word, to recall its meaning, and then to embed that word in a spoken sentence. 
Research Studies on Vocabulary Processing and Brain Activation  
 
 In recent years studies utilizing brain imagery have provided some empirical 
validation of previously discussed theories such as embodied cognition by showing 
cortical activation in brain areas related to specific types of motor and sensory/perceptual 
stimulation (Pulvermuller, 2005). Hauk, Johnsrude, and Pulvermiller (2004) conducted 
an fMRI study in which brain activation was recorded while people were listening to 
verbs that involved the face, arm, or leg actions (e.g., to lick, pick, or kick). They found 
that as the study students listened to each word, there was greater activation in the part of 
the motor cortex that would produce that action.  
 In addition, Gonzalez, Barros-Loscertales, Pulvermuller, Meseguer, Sanjuan, 
Belloch, and Avila (2006) argued that evidence for the theory of embodied cognition has 
been obtained in recent years, especially in studies that utilized action verbs that were 
semantically related to different parts of the body. These findings provide a neurological 
explanation for why the sensory motor condition in this dissertation research would 
promote the learning and retention of unfamiliar vocabulary words. Since the students in 
this condition will be encouraged to create sensory motor connections to these words, it is 




predicted that there will be cortical activation in brain areas that are related to sensory 
motor and perceptual stimulation. 
Lacey, Stilla, and Sathian (2012) conducted a study to investigate conceptual 
metaphor theory and to test the hypothesis that metaphor processing recruits activity in 
domain-specific sensory cortexes. They found through the use of fMRI’s that texture-
selective somatosensory cortexes in the parietal operculum were activated when students 
were reading sentences that contained textual metaphors. Those students in the sensory 
motor condition of this dissertation research who make sensory motor connections to a 
textual component of a word’s meaning may activate these texture-specific selective 
cortexes when they study and learn the meaning of that word.  
Gonzalez et al. (2006) conducted a study in which they found that when students 
read words that had strong odor associations, functional magnetic resonance imaging 
(fMRI) scans indicated that the primary olfactory cortexes of these students were 
activated. This included the piriform cortex and the amygdala. Comparisons made 
between the reading of olfaction-related words and that of the matched control words 
indicated activations in the left occipito-temporal cortex, left inferior frontal gyrus, basal 
ganglia, thalamus, cingulate gyrus, insula, amygdala, and piriform cortex. Memory for 
the words read was not assessed in this study. When students in the sensory motor 
condition of this dissertation research make olfactory-related connections with a word 
when they were forming sensory motor imagery of that word, it is reasonable to predict 
that the primary olfactory cortexes of these students will be activated.  
Another study by Boulenger (2009) provided support for the theories of 
Pulvermuller (2005) and Barsalou (1999) that view abstract semantics as grounded in 




action-perception systems. According to Pulvermuller and Barsalou, semantic 
information that is conveyed by language is reflected in the brain response. According to 
Pulvermuller, semantic mechanisms are grounded in action-perception systems of the 
brain. The focus of students in the sensory motor condition of this dissertation research 
will be to make connections with sensory and movement-based components of the words 
that they are learning. 
Boulenger (2009) found in fMRI’s that there was somatropic activation along the 
motor strip in the central and precentral cortex, which was elicited by idiomatic and 
literal sentences, reflecting the body part reference of the words embedded in the 
sentences. Therefore, the motor system came into play during the comprehension of 
figurative action-related language. The students in the sensory motor condition of this 
dissertation research will be encouraged to form mental images of the ways in which their 
body parts and motor actions interact with the particular word for which they are studying 
and learning the meaning.  
These findings demonstrate the ability of words to cortically activate specific 
sensory motor and perceptual areas of the brain. They, therefore, provide some empirical 
support for how or why the generation of sensory motor or visual imagery by students in 
this dissertation research study might help increase their memory for the meanings of 
pseudo vocabulary words that they are asked to learn.  
Research Studies on the Effectiveness of Word Learning and Reading Instruction 
Through Different Sense Modalities  
 
 The following research studies are of particular interest for this dissertation 
research because they investigated the effects of multisensory instruction upon the ability 




of students to learn new vocabulary words and improve their reading skills. Cohen and 
Johnson (2011) investigated the impact of imagery interventions on the vocabulary 
acquisition abilities of second-grade students.  The three conditions in their study were: 
(1) word only, which involved the simple verbal presentation of a vocabulary word; (2) 
dual coding, in which a picture was paired with a vocabulary word; and (3) image 
creation, in which students were told to create a mental picture (visual image) of the 
vocabulary word in their mind and then draw it on paper. They found a significant 
difference favoring the image creation over the word only intervention for the words that 
were related to science. The students in their study also reported that the imagery 
interventions helped them to more easily learn the words. Although the performance of 
the students in the dual coding condition did not differ significantly from the performance 
of the students in the other conditions, in small group discussions following the 
experiment they did mention how much the pictures helped them during the small group 
discussion. 
Hartman (1974) conducted doctoral research in the area of olfactory sensory 
processing and learning to determine the usefulness of this sensory channel in teaching. 
The focus of her research was on the following question: Does an initial pairing of odors 
with specific words to be learned increase later word recognition among beginning 
readers in kindergarten. The stimulus words selected were tree, rose, strawberry, peach, 
orange, grape, chocolate, candy, cheese, and apple. The first experimental group was 
presented with visual, auditory, and olfactory stimuli. The second experimental group 
was presented with visual and auditory stimuli only.  No stimuli were presented to the 
control group. Hartman found that the addition of olfactory cues failed to produce greater 




gains; those students receiving olfactory stimuli actually recalled fewer words than those 
students who received only visual and auditory cues. However, Hartman pointed out that 
the students in the visual and auditory stimuli group were better able to sit at their tables 
quietly, attend to tasks, and follow directions. Therefore, uncontrolled selection variables 
may have contributed to these results. Participants assigned to the sensory motor 
condition of the current dissertation research were instructed to form olfactory images, in 
addition to other sensory images, related to the meanings of the pseudo words. It was 
expected that this would facilitate the learning and memory of these words. Since this 
type of connection was stronger than simply being provided with an olfactory cue, it was 
expected that students would recall the word’s meaning better than if they did not form 
that odor-associated mental image of that word.  
Scofield, Hernandez-Reif, and Keith (2009) investigated preschool children’s (2 
to 5-year-olds) word learning across multiple sense modalities (touch, sight, and hearing). 
They found that children who heard a novel word for a target object that they were 
touching overwhelmingly favored the selection of the target object that they were 
touching when they were shown that object in addition to another object that they were 
not touching. They also found that older children consistently manipulated the object 
more efficiently than the younger children and that better manipulation of the object was 
positively correlated with age.  Based on two separate studies, they concluded that their 
research provided support for Gibson’s (1969, 1988) differentiation theory because 
multimodal word learning was evident by three years of age and perhaps mastered by five 
years of age. The sensory motor condition of this dissertation research encouraged 
students to actively form mental images of unfamiliar words that involved their touching 




of the words to be learned in their imagery. It was posited that their learning of the 
meanings of these words would be promoted because they were imagining what it would 
be like to touch these words.  
According to Birsh (2005), the simultaneous use of visual, auditory, kinesthetic, 
and tactile sensory modalities has traditionally been used for remedial and intervention 
instruction for students with disabilities and/or dyslexia. According to Magpuri-Lavell, 
Paige, Williams, Akins, and Cameron (2014), this type of instruction is commonly 
referred to as multisensory instruction. According to these researchers, multisensory 
instruction has evolved to teaching language-related academic skills to support struggling 
readers. The Orton-Gillingham approach to providing this type of instruction employs 
multisensory techniques to teach language structures sequentially, explicitly, 
systematically, and cumulatively. According to Birsh (2005), the core content for 
instruction in this approach is the structure and use of sounds, syllables, words, sentences, 
and written discourse.  
Magpuri-Lavell, Paige, Williams, Akins, and Cameron (2014) conducted a study 
which utilized one of the several versions of the Orton-Gillingham multisensory approach 
to teaching language arts. In their study the multisensory approach developed and 
implemented by the Simultaneous Multisensory Institute of Language Arts (SMILA) was 
investigated. The SMILA technique engaged the tactile or kinesthetic, auditory, and 
visual modalities to teach 39 students between the ages of 7 and 11 in a summer reading 
program. These students lived in a large urban area in the southern part of the United 
States. In order to participate in the program these children must had to have scored at the 
25th percentile or below on a test of sound-symbol relationships, accuracy and 




automaticity of word reading. This approach was used to teach specific sound-symbol 
relationships, accuracy, automaticity of word reading, and oral reading fluency. It was 
found that students who received this instructional approach demonstrated significant 
gains in word reading, sound-symbol knowledge, and oral reading fluency.  
Hazoury, Oweini, and Bahous (2009) proposed a multisensory approach to teach 
Arabic decoding to students with dyslexia. They used a multisensory, systematic, explicit 
phonics approach that was based in part on the Orton-Gillingham approach. It was an 
innovative Arabic technique intended to teach students with dyslexia using a research-
based systematic multisensory approach, derived from research-based reading strategies 
developed in the United States on the English language, and taking into consideration the 
unique features of Arabic language and Arabic dyslexia. These researchers utilized a 
reading technique that required a tactile book, sound cards, a chart for shapes, a chart for 
sounds, five sets of plastic letters (four representing the position of the letters and one 
representing vowels and diacritics (signs such as an accent or cedilla, which when written 
above or below a letter indicates a difference in pronunciation from the same letter when 
unmarked or differently marked), and thick pencils to ensure an exaggerated kinesthetic 
movement while writing letters and to make students more aware of the letter shapes. For 
example, in the introduction of a new letter, the teacher helped students associate the 
letter’s shape to the letter’s sound by using a sound card and the student had to trace the 
letter in the tactile book forming the right gross motor movement. Then, she or he had to 
form the basic shape of the letter from play dough, and the student wrote the letter from 
memory. This proposed method, according to the researchers, needed to be tested 
empirically to measure its effectiveness. 




 This review of the literature has demonstrated that there has been a multitude of 
cognitive theories proposed that help to explain how individuals develop their 
understanding of vocabulary words. These include linguistic, symbolic, and 
conventionality theories; dual coding and embodied (modal) theories which are the major 
theoretical foundations for this dissertation research; and nonembodied (amodal) theories 
of vocabulary development.  
It has also provided an overview of the various methods of instruction that have 
been utilized to teach the meanings of new vocabulary words to students in an 
educational context. These have included semantic mapping, concept of definition 
instruction, semantic function analysis, generative reading instruction, contextual 
analysis; independent reading programs; concept maps; graphic organizers; the keyword 
method; and multisensory instruction.  
Previous research studies on the effectiveness of different methods of vocabulary 
instruction have found that children initially learn words through concrete situations and 
later through verbal contexts; that a higher frequency of exposure to targeted vocabulary 
words will increase the likelihood that young children will understand and remember the 
meanings of new words and use them more frequently; that the explicit instruction of 
words and their meanings increases the likelihood that young children will understand 
and remember the meanings of new words; that children are more likely to learn the 
meanings of new words when teachers highlight targeted words through questioning or 
language enhancement activities; that oral pronunciation and spelling activities may 
increase the learning of vocabulary word meanings; and that multisensory instruction 
may be effective in improving vocabulary learning.  




Research Studies on the Effect of Imagery upon Vocabulary, Reading, and 
Writing Development  
Research Studies with School Children 
 
Douville (1998) developed a specific multisensory mental imagery instructional 
strategy, called the Sensory Activation Model (SAM) strategy, which was designed to 
assist students in the generation of their own images as problem solving tools that 
facilitate both the reading and writing processes.  In a study conducted with fifth-grade 
students, Douville provided students with four weeks of explicit instruction in the SAM 
strategy. Using this strategy, teachers first modeled their own use of multisensory 
imagery with text, next provided guidance to the students in the construction and sharing 
of images within a large group instructional setting, and then instructed students to 
independently construct multisensory images in reading both narrative and expository 
texts. Posttest measures indicated that students who received instruction in the SAM 
strategy constructed significantly more images in written responses to reading, that 
reflected both literal and applied text knowledge, than students who received instruction 
in a visual-only imagery strategy. According to Douville,  the voices of the students 
themselves  provided the most compelling evidence for multisensory instruction. 
Participating students described mental imagery as “having a video camera in my brain” 
and “going to a movie in my head.” This, according to the students, simply made reading 
and learning more fun for them.  
This type of instructional strategy could also be applied to a multisensory 
vocabulary instructional program. Teachers could first model how multisensory imagery 
can be used to learn and remember the definitions of new vocabulary words, then guide 
students through the process of generating their own multisensory images related to new 




vocabulary words, and then encourage them to independently use this technique to 
improve their learning and long-term memory of these words.  
Depending upon the age of students being taught this strategy, the specific 
modeling, guidance, and independent study portions of this instructional program would 
be modified to meet the particular needs of students at different grade levels. 
For example, Douville and Boone (2003) did a follow up to the Douville (1998) study 
with second-grade students and modified the SAM strategy that was initially 
implemented with fifth-grade students. The procedure below illustrates how the use of 
multisensory imagery in instruction was modified to meet the needs of second-grade 
students.  
On day 1 of Douville and Boone’s (2003) implementation of the SAM strategy 
with second graders, the teacher asked students to describe a popcorn party experience 
through the use of a sense-evoking modified cloze procedure that required the students to 
provide appropriate adjectives that were related to taste, smell, sound, touch, and sight. A 
whole class of students worked together to complete a “popcorn poem”, which read as 
follows: 
       Popcorn looks as pale yellow as marigolds. 
       Popcorn sounds as greasy as fried chicken. 
       Popcorn feels as crackly as breaking bones. 
       Popcorn smells as buttery as pancakes. 
       Popcorn tastes as salty as the ocean. 
       Popcorn is a great movie snack. 




On days 2-4, the teacher read descriptive-rich literature selections aloud while the 
students closed their eyes to “see” the story in their minds. On day 5, the students were 
introduced to the SAM strategy through a “story” about a character named SAM and his 
amazing senses. The children were told that SAM could read about sensory experiences 
and be able to taste, smell, hear, feel, and see what happened as if he were actually in the 
story. On the final two days of instruction, students were instructed to “take SAM” with 
them to independent reading and writing activities. Douville and Boone (2003) found that 
instruction in the SAM strategy resulted in oral and written responses to reading that 
included more elaborated descriptive responses than those prior to the SAM instruction.  
 By using similar techniques, it would be possible to teach younger children the 
meanings of new vocabulary words. Therefore, students could initially be instructed to 
work together as a group to learn new words by means of a multisensory multiple-choice 
procedure, then learn to see words in their mind that are related to these words, and 
finally work independently to learn the words by means of a multisensory imagery 
technique. 
Research Studies with College Students 
  
Up until now, the research studies discussed have related to children. However, 
studies relating to imagery and vocabulary or reading development have also been 
conducted with college students.   
 Steingart and Glock (1979) asked undergraduate students to use either a mental 
imagery strategy or a verbal repetition strategy to comprehend and recall descriptive 
passages that were organized in three different ways. Regardless of the method of text 
organization, the students who used a mental imagery strategy were able to answer more 




questions and recall more than those students using a repetition strategy. In addition, the 
imagery strategy resulted in more higher-level inferences and better organized recalls. 
Based on these results, it was predicted that the students in the sensory motor imagery 
and visual imagery conditions of the current dissertation study would do better in 
learning and recalling the meanings of unfamiliar words than would the students in the 
verbal control condition who did not use a mental imagery technique and who simply 
repeated the meanings of these words.  
 Sadoski and Goetz (1985) and Sadoski, Goetz, and Kangiser (1988), in a follow 
up study, used numerical ratings and self-reports to study the spontaneous imagery of 
undergraduate students who were asked to read literary short stories and journalism 
articles. In both of these studies the students were asked to read the entire text and then 
go back and numerically rate each paragraph for the degree of imagery experienced, the 
degree of emotional response, or the importance of the paragraph. The journalism articles 
were taken from Newsweek, Sports Illustrated, and National Geographic. It was found 
for both the stories and journalism articles that there were significant correlations 
between imagery and emotional response ratings. In addition, for the magazine articles, a 
sixteen-day delayed recall test that was a surprise to the students, found that paragraphs 
rated highly for imagery and emotion were still well recalled but that paragraphs rated as 
important were not. Therefore, these students remembered best what they imaged and 
felt. Considering these results, it was reasonable to expect that the students in the sensory 
motor imagery and visual motor imagery conditions of this dissertation study would have 
a higher level of recall for the unfamiliar words that they were learning than would the 




students in the verbal control condition who were simply repeating the meanings of these 
words.  
 Smith, Stahl, and Neil (1987) applied nonverbal (i.e., pictorial) and verbal 
contexts in meaningful vocabulary learning with undergraduate students. They asked 
these students to learn 50 words (nouns and other word classes) that were unknown to 
them. In a two-week delayed test, it was found that the only significant difference was 
between a definition only group and a definition-plus sentence-plus-imagery group. It 
was concluded by these researchers that their results were supportive of dual coding 
theory in vocabulary instruction. Based on these findings, it was expected that the 
sensory motor imagery and visual imagery students in the current dissertation study 
would have higher levels of recall than the verbal control group that simply repeated the 
meanings of the words which they were learning.  
 In an extensive analysis of spontaneous imagery reports, Sadoski, Goetz, 
Olivarez, Lee, and Roberts (1990) asked community college students to read a 2,100-
word literary story and provide imagery reports immediately and again after forty-eight 
hours. Imagery reports were categorized as: 1) consistent with a text paragraph, 2) 
elaborated beyond the paragraph, 3) a distortion or contradiction of the paragraph, 4) a 
synthesis of information across paragraphs, or 5) reader-oriented paragraph. These 
imagery reports were also categorized by modality: visual, auditory, olfactory, gustatory, 
kinesthetic, tactile, emotional, or multiple modalities. It was found that whereas verbal 
recall declined after forty-eight hours, imagery consistent with the paragraph did not 
decline. A factor analysis of the imagery and recall variables produced a set of factors 
that were dominated by visual imagery, emotional imagery, and reader-oriented imagery. 




This suggested that the experience of reading the story was largely a personal, imaginal 
one. Similarly, it was expected that the sensory motor imagery and visual imagery 
created by the students in the current dissertation study would promote the longevity of 
recall for the unfamiliar words being learned. 
 Smith, Miller, Grossman, and Valeri-Gold (1994) conducted two studies with 
undergraduate students. In both of these studies the students who received illustrations of 
conceptually complex nouns, verbs, and adjectives scored significantly higher on both 
immediate and delayed tests than those not receiving the illustrations. Students who were 
left-brain preference thinkers, assumed to be less inclined to normally use imagery in 
their thinking, benefited significantly more than right-brain preference thinkers from the 
illustrations. It was also expected that the students in the sensory motor imagery and 
visual imagery conditions of the current dissertation study would have a higher level of 
recall for the unfamiliar words that they were learning than would the students who were 
simply repeating the meanings of these words.  
The purpose of a study by Shen (2010) was to compare the effectiveness of two 
different encoding approaches: 1) single coding by using verbal codes only and 2) dual 
coding by using verbal plus imagery codes. This study was conducted among beginning 
college learners of Chinese in the learning of concrete and abstract words. The 
instructional method using verbal codes involved the instructor’s introduction of new 
words by using relevant verbal materials such as definitions or verbal explanations. The 
instruction method of using imagery codes involved the instructor’s introduction of new 
words by the use of relevant images such as pictures or enactments. The first experiment 
focused on concrete words and the second experiment focused on abstract words. In 




Experiment 1 it was found that verbal codes alone and verbal plus imagery codes were 
equally effective for word retention with regard to learning concrete words. In 
Experiment 2 though, it was found that verbal plus imagery encoding methods 
outperformed the verbal encoding method in retention of the shape and meaning of 
abstract words. Relevant to the current dissertation study, there is some evidence in this 
research that the introduction of imagery, at least for the learning and recall of the 
definitions of new abstract words, is an effective instructional strategy. Therefore, it was 
expected that in this dissertation research there would also be a positive effect upon the 
recall of concrete words because the students in this dissertation research study would be 
forming their own sensory motor and visual images as opposed to viewing pictures or 
enactments. 
The above studies that were done with children and adults have significant 
relevance to this dissertation research. Several investigated the ways in which imagery 
may help promote the learning of new words. Some investigated the relevance of 
multisensory imagery including visual, auditory, gustatory, tactile, olfactory, kinesthetic, 
and even emotional cues. Other studies examined the activation of cognitive, sensory, 
perceptual, and motor cortexes in the brain in response to the hearing of certain words. In 
addition, some studies examined the future recall of the definitions of new words that 
were being learned. The current dissertation study built upon the findings of these studies 
and examined the impact of sensory and motor imagery that was created by the students 
themselves upon the learning and retention of unfamiliar words.  
 
 




Recent Research Studies on Vocabulary and Reading Development  
 
 A study by Commodari, Guarnera, Di Stefano, and Di Nuovo (2020) was very 
relevant to this dissertation research because it specifically addressed the relationship 
between mental imagery and reading acquisition and performance. Commodari et al. 
conducted a research study with 90 children who attended two primary schools in a large 
town in Italy. These researchers assessed these children three times: at the beginning of 
first grade (“very novice readers”), at the end of first grade (“novice readers”), and in the 
third grade (“skilled readers”). One of their goals was to analyze how the ability to 
generate and inspect mental images contributed to the reading performance of these 
children. These researchers noted that mental imagery skills affected the ability to 
generate phonological and orthographic representations and created a link between these 
representations. They also pointed out that mental imagery processes were related to 
linguistic and phonological skills, which were the prerequisites of reading skills.  
 One task that Commodari et al. (2020) used was a “visualizing letters” task. It 
required the ability to generate and inspect a mental image. The children were required to 
reactivate a visual image that they had previously generated. In this task the examiner 
invited the children to see in their minds the shape of some letters of the alphabet. While 
the examiner sequentially named some letters, the children had to indicate whether these 
letters in italics had a part extending above or below the body central and whether the 
upper-case letters had curved parts.  
 Commodari et al. (2020) found that in “very novice readers”, who had only been 
learning how to read in the first few months of the first grade, the understanding of a 
written text depended on the abilities to generate mental representations of the shape of 




each letter and to focus on the features that differentiate the letters. In “beginning 
readers”, who were students at the end of the first grade, the ability to understand written 
texts was related to the ability to inspect and manipulate these mental images, which was 
a more complex process that required more cognitive effort than the simple generation of 
mental images. It was noted that the ability to inspect and manipulate mental images 
played a significant role in recognition of letters written with different font styles and in 
the decoding of letters with similar shapes but different orientations. However, it was 
found that in “skilled readers”, children in the third grade who had completed formal 
instruction in reading, the ability to understand a written text was not related to the ability 
to generate mental representations of symbols and reproduce these representations. It was 
more related to the ability to make inferences. 
Another recent study conducted by Morett (2019) was relevant to the current 
dissertation study because it compared the relative effectiveness of dual coding theory 
and embodied theories of cognition in explaining the instructional benefits of imagery 
versus text in teaching students a second language. According to Morett, dual coding 
theory has been invoked to explain the positive effects of imagery on word learning, 
particularly in the learning of a second language. She referred to an effect involving 
mental imagery which has been observed with the use of the keyword method, in which 
learners envision the referent of a second language word interacting with the referent of a 
phonologically similar first language word (e.g., to learn the English-Spanish word 
pairing “boy”-“chico,”, the learner envisions a boy petting a chick) (Sagarra & Alba, 
2006; Van Hell & Mahn, 1997). Morett also discusses the role of embodied theories of 
cognition in taking into account the effects of imagery on second language word learning. 




She explains that, unlike dual coding theory, embodied theories propose that 
representations of both language and concepts are analogue and are composed of 
perceptual features obtained by means of the senses. For instance, a representation of the 
word apple consists of the sight, sound, taste, feel, and smell of an apple rather than a 
holistic symbolic concept of an apple. According to Sternberg and Sternberg (2016), 
analogue codes are used to mentally represent images. Analogue codes retain the main 
perceptual features of whatever is being represented, so that the images people form in 
their minds are highly similar to the physical stimuli. They are a near-exact representation 
of the physical stimuli that people observe in their environment, such as trees and rivers.  
 Morett (2019) conducted a research study with 28 undergraduate students at a 
medium-sized public university in the United States in order to examine how first 
language definitions (glosses), still images, and iconic gestures (pantomimes) affect the 
encoding and retrieval of concrete words in early stage second language learning. All 
participants were fluent English speakers with no knowledge of Hungarian, the language 
of words used in this study. Twenty Hungarian words and their English glosses (succinct 
translations) were selected for use in this study. These words consisted of ten concrete 
words whose English glosses had been rated as highly imageable and concrete by native 
English speakers in the Brysbaert, Warriner, and Kuperman study (as cited in Morett, 
2019). These words were selected to make sure that their meanings could be depicted 
clearly by means of still images and iconic gestures and could be expressed succinctly via 
glosses, that they were typical of words learned in the earliest stages of second language 
learning, and that they were as similar as possible to words which were used in other 
studies that investigated the effects of imagery on second language learning.  




 For this study, three depictions of each word’s meaning were created: a gloss, an 
image, and an iconic gesture. Glosses were the text first language translation of each 
second language word. Images were photographs that clearly depicted the gloss of each 
second language word’s meaning. Iconic gestures were videos of gestures depicting each 
second language word’s meaning by means of a hand/mouth action (pantomime). Morett 
(2019) found that first language glosses were unnecessary for effective recall of concrete 
second language words by beginning learners and that they did not always enhance it. In 
addition, she found that still images depicting the meanings of concrete second language 
words enhanced their encoding and recall by beginning learners more effectively than 
representative iconic gestures. This finding supported the predictions of dual coding 
theory which predicts that viewing iconic gestures at encoding does not promote second 
language word retrieval any more effectively than viewing still images. This contrasts 
with embodied theories of cognition, which proposes that viewing iconic gestures at 
encoding promotes second language word retrieval more effectively than viewing still 
images. In general, the findings of this study suggested that, for individuals unfamiliar 
with a target language, viewing representative still images or iconic gestures were more 
effective means of learning the meanings of concrete second language words than 
viewing first language glosses.  
Wang and Li (2019) conducted another study that investigated the relationship 
between imagery and reading development. According to these researchers, students who 
have good reading skills can easily create mental representations from oral or written 
language, and their sensory systems rapidly bring parts together to become a whole 
through imagery. However, students who are deficient in the ability to form images may 




have trouble creating images due to the fact that their imagery is slow and dull, and they 
often get stuck on parts and pieces. According to these researchers, many reading 
teachers often hear their students say, “If I can’t picture it, I can’t understand it.” This, 
according to Wang and Li, could indicate that these students may have a gestalt 
visualization deficit. However, alternatively this could mean that they need to be able to 
picture something to understand it and not that they cannot form pictures and hence have 
a deficit.  
 Wang and Li (2019) conducted a study that examined teacher perceptions of an 
innovative dual-coded multimedia application to improve the reading comprehension of 
students with trouble creating images about what they read. This application enabled 
students to develop the capacity to build mental images sentence by sentence. These 
students used a touch screen to draw a picture associated with the meaning of each 
sentence. With these sentences hidden or pictures shuffled, the students selected and 
described each picture in sequence to retell the story.  
 On a questionnaire asking for teachers’ ratings, the majority of the 20 teachers 
either strongly agreed (80%) or agreed (20%) with the statement “Overall I think this 
application is effective in helping students with difficulty imaging/retaining/retelling 
what has been read.” Wang and Li (2019) concluded that this application, if appropriately 
integrated into reading instruction, may help students with difficulty imaging, retaining, 
and retelling what has been read. These researchers pointed out that according to dual 
coding theory this application should work better on concrete sentences than abstract 
sentences due to the intrinsic connection between a concrete sentence in the verbal 
system and its image counterpart in the nonverbal system. Furthermore, they emphasized 




that constructing the meaning of concrete sentences by young K-5 readers could serve as 
a good starting point for comprehending more complex abstract reading materials when 
they get older.  
 According to Ponce and Mayer’s 2014 study (as cited in Leopold, Mayer, & 
Dutke, 2019), a linear reading strategy involves both reading sentences and attempting to 
remember them in order and reading every word with a goal of mentally representing the 
facts as presented, leading to shallow learning. In contrast, a generative reading strategy 
is based on cognitive processing that is aimed at making sense of the material, such as 
learning by imagining. According to Fiorella and Mayer’s 2015 studies (as cited in 
Leopold, Mayer, & Dutke, 2019), learning by imagining involves the formation of a 
mental image that depicts the key material described in a lesson. 
 The objective of Leopold, Mayer, and Dutke’s (2019) study was to determine how 
best to encourage students to use a generative reading strategy for scientific text rather 
than a linear reading strategy.  In addition, Leopold et al. proposed that forming images 
may be optimized when a student is encouraged to take a first-person perspective rather 
than a third-person perspective. For example, in addition to reading paragraphs of text, a 
student may be asked to form a mental image along with a prompt to the right of each 
paragraph, such as for the first paragraph: “Please imagine how your heart, arteries, 
capillaries, and veins are connected to each other.”   
In the first of two experiments (Leopold et al. (2019), 81 English-speaking college 
students (mean age of 19.68 years) recruited from a university in western United States 
read a paper-based text on how the human circulatory system works and then took 
transfer, drawing, and retention tests. For each of four paragraphs in this lesson, the 




students were instructed to form a mental image of the processes described in the text 
from the perspective of their own body (first person), or from the perspective of another 
person (third person), or given no imagination instructions (control). The first-person 
perspective was of significance because its relevance could be explained in terms of 
theories of embodied learning derived from bodily interactions with the world. Also, 
students in the imagination groups were given heavy amounts of support in terms of 
specifying the components to include in forming images for each paragraph. The results 
indicated that the first-person perspective group significantly outperformed the control 
group in a transfer of learning test, a drawing test, and retention of important and 
unimportant material. The first-person perspective group also significantly outperformed 
the third person perspective group in a transfer of learning test, a drawing test, and 
retention of important material. The third person perspective group significantly 
outperformed the control group on the transfer of learning test and the retention of 
unimportant material.  
 The participants in a second experiment (Leopold et al. (2019) were 75 German-
speaking students from different departments of a German University. Their mean age 
was 23.97 years.  This second experiment was similar to the first experiment except that 
students in the imagination groups were not given specific prompts about which 
components to put in their imagined illustrations, the tests were streamlined with fewer 
transfer test items and no drawing test, the students were in Germany, and the materials 
were in German. The objective was to determine the degree to which the results in 
Experiment 1 could be replicated in a learning context involving low support of 
imagination during learning and in a different university with different participants. It 




was found that the first-person perspective group performed significantly better than the 
control group on all three measures pointing to the benefits of combining first-person 
perspective with imagination to form a powerful learning strategy. In addition, the first-
person perspective group significantly outperformed the third-person perspective group 
only on transfer, but it did not outperform the third-person perspective group on  the 
retention of important information, thus providing partial support for the hypothesis that 
using a learning strategy that combines imagination and perspective will promote deeper 
learning than using a learning strategy that involves only imagination (without first-
person perspective). In contrast, the third-person perspective group did not significantly 
outperform the control on any of the measures, perhaps because Experiment 2 did not 















Chapter 3: Pilot Study, Revisions to Pilot Study, Rationale of 
Dissertation, and Hypotheses 
Pilot Study  
 
A pilot study investigated four questions: 1) Does having college students 
generate action (sensory motor) images elaborating the meanings of pseudo words 
produce better memory for the words and their definitions than having them generate 
visual images? 2) Does having college students generate action (sensory motor) images 
or visual images produce better memory for the words and their definitions than simply 
giving them the definitions of these words? 3) Would the number of sensory motor 
features reported be more than the number of visual features reported? 4) Do students’ 
prior vocabulary knowledge and word reading ability explain variance in their learning 
and memory for vocabulary words, when they are instructed to imagine features and 
when they repeat definitions?  
This study compared two different interventions for teaching vocabulary to 
college students: 1) having students generate sensory-motor images that included 
auditory, visual, textural, olfactory, gustatory, and kinesthetic features and 2) having 
students generate images that only included visual features.  A third group that served as 
a verbal control group simply practiced on definitions of the vocabulary words.  
Participants  
 
A total of 30 English-speaking college students from a variety of colleges in the 
New York City metropolitan area signed consent forms. The sample represented male 
and female community college, undergraduate, and graduate students from a variety of 




ethnic backgrounds. Students were randomly assigned to one of three treatment 
conditions. The audio responses of these students were recorded on an iPhone.  
Pretests  
  
Students’ initial vocabulary and reading abilities were assessed by means of Form 
G of the Vocabulary subtest of the Nelson Denny Reading Test (Brown, Fishco, & 
Hannah, 1993) and the Word Identification subtest of the Woodcock Reading Mastery 
Tests-Revised (Form G) (Woodcock, 1987).  
Treatment Conditions  
  
Sensory Motor Imagery Condition. During the introductory training in the 
sensory motor imagery condition, the task was first introduced through the demonstration 
of the sensory motor imagery procedure with three unfamiliar words and then by having 
students practice forming sensory motor  images of one familiar word and one unfamiliar 
one which were read to and shown to these participants  with their written definitions. In 
this preliminary training procedure, these participants were asked to close their eyes and 
imagine that they were an actor in a movie or video about the meaning of the word and 
that all sorts of things were happening between them and the word in the movie or video. 
In particular, they were asked to imagine that some part of their body was getting 
involved, such as their nose smelling it, their hands grabbing it, their feet kicking it, their 
ears hearing it, their eyes seeing it, or their mouth eating it. The researcher identified 
several different sensory motor features of the word that they might choose to imagine 
including those stated in the word learning instructions. This served to prime the students 
for the generation of responses during word learning. 




After the preliminary training period, each student generated sensory motor 
imagery for ten pseudo word definitions over three trials. The purpose of utilizing three 
trials was to ensure adequate time for learning. The first trial was a study trial and the 
second and third trials were each a test trial followed by feedback to reteach the words. 
This allowed additional time to study the words and to permit the researcher to assess the 
level of the student’s learning of the words. 
In the first study trial the students were presented with ten unfamiliar nouns and 
their definitions in written form and they were asked to generate sensory motor images of 
these words. In the second trial, which was a study and test trial, the ten written words, 
alone, were presented in written form in a different order and students were asked to 
recall the definitions of these words. Then they were read and shown the written 
definitions of these words and were asked to generate new sensory motor images of these 
words. In the third trial, which was another study and test trial, the students were once 
again presented with the written words in a different order and asked to recall the 
definitions of these words. Then they were read and shown the written definitions of 
these words and they were asked to form new sensory motor images of these words.  
Visual Imagery Condition. The same training procedures described above were 
followed for the participants in the visual imagery condition except that they were trained 
to form visual images rather than sensory motor images to learn the definitions of the 
pseudo words. These participants were also asked to close their eyes and imagine that 
they were viewing a movie/video and report what they saw. It was expected that viewing 
a movie would preclude imagining scenes that included their participating actively in 




some way. A movie allowed them to view action as one of the possible visual features in 
addition to color, shape, size, setting, weather, and other features. 
Verbal Control Condition. The same training procedures described above in the  
sensory motor and visual conditions were followed in the verbal control condition except 
for one difference.  The preliminary training with five words and the subsequent training 
with ten words consisting of a study trial followed by two test-study trials was the same. 
However, students were given different instructions to study the words.  They were told, 
“The best way to remember each word is to look at its spelling, say the word aloud, hear 
a sentence containing the word, and repeat its definition three times.” During feedback 
periods, they rehearsed the definitions and also heard and repeated a new sentence 
containing the word. They were not at any point asked to close their eyes.  
In the first study trial, the researcher introduced the ten pseudo words, one by one, 
in verbal and written form to the participants and asked them to repeat their definitions 
three times and to repeat a sentence which included the individual word. In the second 
study and test trial, the participants were asked to try to recall the meanings of each of 
these written words which were presented in a different order and once again pronounced 
and shown by the researcher. Then they were again asked to repeat the definition of each 
word three times and to repeat a new sentence that included that individual word. 
Following this second trial, a third trial was implemented which also combined a study 
trial with a test trial. This third trial was identical to the second trial, except that the 
words were presented in a different order and the participants were asked to repeat a new 
sentence. 




Training Data Coding. Following the study, a research assistant counted the 
number of connections made by each of the 20 participants in the sensory motor and 
visual conditions for each of the ten words in the first study trial. Then these counts were 
totaled and divided by 10 to yield a mean number of descriptors per word for the sensory 
motor and visual conditions. Then these mean counts were included in the Statistical 
Package for the Social Sciences (SPSS) (IBM, 2017) analysis to compare means across 
the two conditions. The numbers of connections reported included the sensory motor 
verbal references to visual, auditory, gustatory, tactile, olfactory, and kinesthetic features 
and the visual verbal references to size, shape, color, brightness, location, appearance, 
and facial expression features.  
In the rubric for counting the number of descriptors in the sensory motor imagery 
reports during the first trial, such word references as big, brown, or sloppy for visual; 
loud, yelling, or screeching for auditory; tasty, sour, or sugary for gustatory; smelly, 
musty, or perfumed for olfactory; rough, sticky, or velvety for tactile; or shaking, slippery, 
or tumbling for kinesthetic were awarded points. As above, these are examples of the 
types of responses that were scored and do not include all of the possible responses. 
In the rubric for counting the number of descriptors in the visual imagery reports 
during the first trial, such word references as big, tall, or tiny for size; round, triangular, 
or rectangular for shape; multicolored, green, or black for color; light, sunny, or cloudy 
for brightness; front, bottom, or near for location; clean, neat, or sloppy for appearance; 
or happy, angry, or sad for facial expressions were awarded points. These are examples 
of the types of responses that were scored and do not include all of the possible 
responses. 




A research assistant also rated the quality of the above mental imagery 
connections made by the participants in the sensory motor and visual treatment 
conditions based on the rubric discussed below. The quality of the connections made in 
the imagery reports of the participants in the first trial in the visual and sensory motor 
conditions was assessed qualitatively with a 5-point rating scale in which a rating of 1 
was given to a response of a participant if there were no images reported or if the images 
reported showed no relationship to the vocabulary word; a rating of 2 was given to a 
response in which an image or images showed a peripheral relationship to the vocabulary 
word; a rating of 3 was given if the image(s) showed (a) direct relationship(s) to the 
vocabulary word with little or no elaboration or explanation; a rating of 4 was given if 
images showed a direct relationship to the vocabulary word with some elaboration or 
explanation; and a rating of 5 was given if images showed a direct relationship to the 
vocabulary word with significant elaboration and explanation. These qualitative ratings 
were totaled and divided by 10 to yield a mean evaluation of descriptors for each word 
for the sensory motor and visual conditions. Then these mean counts were included in the 
SPSS (IBM, 2017) analysis of means across the two groups. 
Following the administration of the study, the researcher used a scoring rubric to 
award points for each of the definitions provided by the students in the visual group as 
well as the sensory motor and verbal groups in the testing trials. One point was awarded 
for a totally correct response, 0.5 points was awarded for a partially correct response, and 
zero points were awarded for a totally incorrect response. A research assistant scored a 
random sample of 30 percent of the total number of word definitions provided by the 




participants and scored by the experimenter (in this trial, the third trial, and in a posttest) 
for all three groups in the study.  
Vocabulary Words 
 
Table 1 includes the ten pseudo words and definitions that students were taught.  
Table 1 – Definitions of Pseudo Words  
 
Definitions of Pseudo Words 
1. A kal is a family of whales who live in the ocean. 
2. A vintar is the name of each of the steps on a ladder so people can climb it. 
3. A pum is a big strong truck that carries heavy loads. 
4. A kuller is a person who is very mean to other people and animals. 
5. Vit is soft mushy food for babies who don’t have any teeth. 
6. A sabali is a large deer with long branching antlers who lives in the woods. 
7. Lig is squishy wet ground covered in grass. 
8. A citwan is a small electronic organ or piano with a single keyboard for 
making music. 
9. A boc is a dog who doesn’t have any home so is homeless. 
10. A nomtigo is a small, mouselike, rodent who can jump very high. 
 
 Initially, one, two, and three syllable pseudo words were drawn from a Rosenthal 
and Ehri study (2008) on the effect of orthography on vocabulary learning and were 
adapted for this pilot study When the words proved to be too easy, they were expanded 
into two and three syllable words but without morphological subunits. Following this 




step, several individuals familiar with the English language reviewed these words to 
ensure that they sounded like plausible English words. The final list included five one-
syllable words, three two-syllable words, and two three-syllable words to ensure that the 
words were not too difficult for the students to learn. Once a list of acceptable pseudo 
words was developed, definitions were randomly assigned. The definitions were assigned 
to the pseudo words through a subjective process that took into consideration the sound 
of each pseudo word and the meaning of each definition. This researcher and his program 
advisor carefully reviewed each assignment. In several situations the assignments 
originally made were switched so that the matched pseudo words and their definitions 
avoided non-arbitrary semantic or phonological connections. The words and definitions 
were evaluated to make sure that there were no obvious clues in the words themselves 
that might be particularly helpful to the students in learning their meanings.    
Posttests  
 
  A series of posttests was administered in the order listed below to the students at 
the end of vocabulary training. These were the Word Recall; Memory for Spellings and 
Definitions of Words and Use in Sentences; Multiple Choice Word Meaning; and Posttest 
Interview.  
 First, in the Word Recall posttest, which was a pronunciation recall test, the 
researcher stated the definition of each word and the student was asked to recall the 
pronunciation of that word. This procedure was followed for each of the ten words.  
 Second, in the Memory for Spellings and Definitions of Words and Use in 
Sentences posttest, which was a spelling and meaning recall test as well as a sentence 




usage test, the researcher pronounced each word and the student was asked to write each 
word, to recall its meaning, and then to embed that word in a spoken sentence.  
Third, in the Multiple Choice Word Meaning posttest, the researcher presented a 
multiple choice sentence completion cloze task to each of the participants to assess their 
level of word recall. Ten different sentences were shown to the participant. Each sentence 
was missing a word. The participant was asked to choose one of three words that would 
be the correct missing word. The researcher constructed this task by first developing 
sentences for each of the words so that the words were put into context in real life 
situations. Once this was done, he selected two of the words as distractors, in addition to 
the correct word, for each of the sentences.  
Fourth, in the Posttest Interview an interview was conducted immediately 
following the completion of the first three posttests. Each participant was asked to tell the 
researcher about the methods that they used for learning the words. They were asked 
what helped them to remember the words and their meanings, how much that helped 
them to remember the words, and if they used any other method to help them remember 
the words.  
The delayed definition posttest was not administered to all of the participants 
during the pilot test. It was only administered to one of the participants to assess whether 
or not the training procedures in this study might enable a student to maintain a long-term 
recall for the word meanings they were taught two weeks following the study. This was 
done to determine whether or not any long-term memory was possible and if such a test 
might be advisable for inclusion in a future dissertation study. A preliminary observation 
during the pilot test was that this one student, who was in the verbal control group, was 




able to remember the meanings of almost all of the words two weeks following his 
completion of the study. 
Design and Statistical Analyses  
 
The major independent variable in all of the analyses in this pilot study was the 
type of vocabulary training. In addition, test trial was a repeated measures independent 
variable in the analysis of definition recall during training. The dependent variables were 
performance on the Nelson Denny Vocabulary pretest (Brown, Fishco & Hannah, 1993) 
(a control variable to assess initial vocabulary knowledge), number of words read on the 
Woodcock Reading Mastery Word Identification pretest (Woodcock, 1987) (a control 
variable to assess initial word reading ability), definition recall during test trials, 
definition recall on the posttest, pronunciation word recall test, spelling recall, cloze 
(multiple choice word recall), number of imagery connections, qualitative rating of 
imagery connections, and training times during trials one and two.  
It is important to distinguish between the different types of statistical analyses that 
were conducted. First, an analysis of variance (ANOVA) was done on the three treatment 
groups to see whether or not there was a significant effect of the visual imagery, sensory 
motor imagery, or verbal control treatments upon any of the dependent variables. Second, 
an analysis of variance was conducted on performance during the two test trials to see 
whether or not there was a significant improvement in definition recall from trial one to 
trial two for students in the imagery conditions and whether the two treatments differed. 
In addition, Pearson coefficients were calculated to examine the extent to which the 
vocabulary learning outcomes, the quality of mental imagery reports, the number of 
mental imagery connections, the amount of training time, and the performance of the 




participants on the Nelson Denny Test of vocabulary knowledge and the Woodcock Test 
of reading ability were correlated with each other.  
Results  
 
The three treatment groups did not differ significantly on the Nelson Denny 
vocabulary pretest (Brown, Fishco, & Hannah, 1993) or the Woodcock reading pretest 
(Woodcock, 1987). This indicates that the three groups were equivalent prior to the 
treatments. Means are displayed for these and other dependent variables in Table 2 on 
pages 65-66. Results of the ANOVAs for all of the dependent variables are shown in 
Table 3 on pages 67-68. 
Vocabulary Learning Trials  
Results of the ANOVA on the measure of definition recall during the learning 
trials indicated a significant main effect of trials (p <.01) and a trials x treatment 
interaction (p <.05). (see Tables 2 and 3.). Significant main effects of treatment were also 
detected on the quantitative rating involving the number of connections (features) 
reported by the students (p<.10), and on training time (p<.01). The mental imagery 
reports of students in the sensory motor group included a significantly higher number of 
sensory motor connections than the mental imagery reports of students in the visual 
group.  
The recall of the definitions (in all three conditions) during training significantly 
increased between the first and second trials. There was a significant interaction between 
the treatment groups and test trial. In the visual condition, the students, on average, 
showed a smaller increase from Test 1 to Test 2 in their mean recall of the ten definitions, 
from 3.6 to 5.7 definitions, compared to students in the sensory motor and verbal 




conditions, who increased their mean recall of the ten definitions from 3.9 to 7.6 
definitions and from 3.8 to 7.7 definitions, respectively.  
As can be seen in Tables 2 and 3, there was a significant difference in training 
times between the sensory motor, visual, and verbal groups. The average training time for 
the sensory motor group was the longest, lasting over one hour.  The average training 
time for the visual group was the second longest and was 13 minutes shorter than the 
training time for the sensory motor students. The average training time for the verbal 
control group was 11 minutes less than the training time for the visual group.  The 
Bonferroni test revealed a significant difference (p < .01) between the training times of 
the sensory motor and verbal groups. However, there was no significant difference 
between the visual group and the other groups. There was no main effect of trials or a 
significant interaction involving trials and treatment. 
There was a marginally significant difference between the two imagery groups in 
the number of imagery connections reported during the study trials. This difference was 
significant at p < 0.10. The participants in the multisensory imagery group most likely 
produced more imagery connections than participants in the visual imagery group 
because they were asked to make connections with their visual, auditory, gustatory, 
olfactory, tactile, and kinesthetic senses. The participants in the visual imagery group 
were only asked to make visual connections. 
There was no significant difference between the mean qualitative ratings of visual 
and sensory motor connections produced by the two groups (see Tables 2 and 3). The 
mean ratings for both groups were close to 3.0 (5 maximum). In the rubric used by the 
research assistant, a rating of 3 indicated that the image created by a participant showed a 




direct relationship to the vocabulary word with little or no elaboration or explanation. 
These results may be due to the fact that most of the participants had little previous 
experience forming mental images of new vocabulary words that they were attempting to 
learn and therefore tended to make literal and direct connections to the words without 
much elaboration. 
Posttests 
Analyses of posttest performance revealed no significant effects of the treatment 
conditions on definition recall. There were also no significant treatment effects upon 
scores on the pronunciation word recall posttest, the spelling and meaning recall 
posttests, or the multiple-choice sentence completion test. Means and test statistics are 
presented in Tables 2 and 3.  
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Cloze Posttesta 9.80 (0.42) 9.30 (1.57) 10.00 (0.0) 
 



















Training Timed 66.98 (18.05)  53.92 (14.51)  42.96 (8.14) 
 
a Maximum correct=10 
b  Maximum score=5 
c  Maximum number=unlimited 
d  Length of training time in minutes 




Table 3 - Analysis of Variance (ANOVA) Test Statistics  
 










F- Statistic P-value Partial  
Eta squared 
      
Nelson Denny      
    Treatment 2 430.00 1.21 0.31 0.08 
    Error 27 354.54    
Woodcock      
   Treatment 2 29.43 0.81 0.45 0.06 
   Error 27 36.14    
Definition 
Recalla 
     
   Treatment 2 7.70 0.66 0.53 0.05 
   Error 27 11.69    
   Trials  1 155.20 124.67*** 0.00 0.82 
   Treatment   2 5.15 4.14** 0.03 0.24 
   x Trials      
   Error  27        1.25    
Word Recall 
Posttest 
     
   Treatment 2 2.53 0.67 0.52 0.05 
   Error 27 3.81    
Definition      
Recall Posttest      
   Treatment 2 5.70 1.24 0.31 0.08 
   Error 27 4.59    
Spelling 
Posttest 
     
   Treatment 2 1.23 1.72 0.20 0.11 
   Error 27 0.72    
Cloze Posttest      
  Treatment 2 1.30 1.48 0.25 0.10 





     
   Treatment 1 30.75 3.26* 0.09 0.15 
   Error 18 9.42    





Table 3 (Continued) 




















     
   Treatment 1 0.28 0.44 0.52 0.02 
   Error 18 0.66    
Training Time a 
   Treatment     2  1445.68 7.20***      0.00                 0.35 
   Error       27  200.87  
   Trials        1  10.69  1.28       0.27 
   Treatment 
   x Trials      2  0.97  0.12       0.89 
   Error      27  8.34   
a2-way ANOVA on definition recall that includes treatment and trials (Test 1 and Test 2)
 . 
*p < .10., **p<.05, ***p < .01. 
 
 





 The definition recall posttest assessed the students’ recall of the definitions of the 
pseudo words after they had completed the study and test trials. There were no significant 
differences between the mean recall scores of students in the three conditions on this 
measure. However, each group showed an increase in their posttest recall of definitions 
compared to their recall during test trial 2, particularly the visual students who were 
initially slower to learn the words.  
The word recall posttest assessed the students’ ability to recall the pronunciations 
of each of the pseudo words upon being read the definitions of the words in a random 
order after the completion of the study and test trials. There were no significant 
differences between the mean word recall scores of students in the three conditions on 
this measure. This may be due to the fact that during the study and test periods students in 
all three conditions were repeatedly exposed to the pseudo words and their respective 
definitions and therefore had sufficient time to both learn and remember these 
associations.  
In the spelling posttest, students were asked to spell each of the pseudo words 
after the researcher pronounced each word. The mean spelling posttest scores were high 
across all of the groups. As a result, there were no significant differences between the 
mean spelling scores of the treatment groups. 
In the cloze posttest, students were asked to choose which of three target 
vocabulary words correctly filled in the blank space in ten separate sentences that were 
shown to them on index cards. The mean cloze posttest scores for all three groups were 
close to ceiling and ranged between nine and ten words. High scores reflect the fact that 
students were exposed to the words repeatedly during learning.  As a result, there were no 




significant differences between the mean posttest scores of the students in the three 
groups. There was no delayed definition recall test that was administered to all of the 
participants. This test was only administered to one of the participants. A preliminary 
observation during the pilot test was that one of the students in the control group was able 
to remember the meanings of almost all of the words two weeks following his completion 
of the study. 
Correlations  
Several posttests were significantly correlated with the pretest predictor variables: 
the Nelson Denny test of vocabulary (Brown, Fishco, & Hannah, 1993) and the 
Woodcock test of word reading ability (Woodcock, 1987). Notably, the correlation 
between the Woodcock and definition recall posttest was .74 and the correlation between 
the Nelson Denny and the definition recall posttest was .63. In addition, the correlations 
between the Woodcock and the qualitative ratings of the students’ mental imagery reports 
(r=.67) and the quantitative counts of the students’ mental imagery reports (r=.62) were 
also high. 
In summary, the results of this pilot study provide support for the effectiveness of 
multisensory instruction. Students who generated sensory motor images showed a greater 
increase in definition recall from Test 1 to Test 2 during training than students in the 
visual condition. A total of 29 of the 30 students in this study were able to successfully 
learn the pronunciations and meanings of 9 of 10 pseudo words within one to two hours. 
Most of the college students who were assigned to the sensory motor and visual 
conditions were able to generate multiple imagery connections that were directly related 
to the pseudo words that they were learning.  




Proposed Pilot Study Revisions  
 
Several limitations of the pilot study were apparent. First, there was no formal 
assessment of all of the college students’ memory for definitions of the pseudo words 
over a longer period of time. An assessment was done, though, just for one of the 
participants in the pilot study in order to assess the extent to which a student might retain 
a long-term memory for these words and to obtain information that might be helpful for 
the planning and implementation of a full scale long-term memory test in the dissertation 
study. A preliminary observation made of this student, who happened to be part of the 
control group in the pilot study, was that he was able to remember the meanings of 
almost all of the words two weeks following his completion of the study. 
In addition, there was large variation among the students in terms of their initial 
vocabulary knowledge and their reading ability, perhaps because graduate and 
community college students as well as undergraduate students were included in this 
study. Other factors that may have influenced the performance of students were their 
knowledge of the English language and their ability to form mental images. The longer 
time spent forming and reporting on images during the training rather than the superiority 
of the sensory motor images created may explain the more effective vocabulary learning 
of students in the sensory motor condition.  A time difference may have arisen because 
sensory motor images allowed for the generation of a greater number of connections, this 
took more time, and boosted the sensory motor group’s recall of meanings from Test 1 to 
Test 2 over that of the visual group. There was also no assessment of pre-training pseudo 
word decoding and this skill may have been correlated to posttest spellings.  




In order to address these and other limitations, several revisions to the pilot study 
were incorporated into the dissertation. These included a more careful screening of 
English speaking skills and creation of words with longer pronunciations and spellings so 
they were more difficult to remember and there was a greater likelihood that recall of 
spellings would be correlated with word recall. An increase in the complexity of the 
pronunciations of pseudo words to be learned and an increased difficulty of the multiple-
choice cloze sentence test were also necessary to prevent ceiling effects which precluded 
the detection of possible treatment differences. In addition, the qualitative rating of 
mental images was eliminated because it was less reliable and because it was highly 
correlated with the quantitative count of mental imagery connections to the pseudo 
words. Also, checklists of sensory motor and visual features were developed based on the 
Quantitative Visual and Sensory Motor Imagery Connections Checklist (see Appendix F) 
to increase the length of the verbal reports generated by students in the sensory motor and 
visual conditions. In addition, a quantitative checklist containing features that were 
common across both visual and sensory motor conditions was created. A delayed posttest 
was also developed to investigate the long-term effects of the treatment conditions on 
recall of definitions. Finally, the Woodcock Word Attack subtest (Woodcock, 2011) was 
added to assess the pre-training pseudo word decoding skill of the students. 
Rationale and Hypotheses of the Dissertation  
Rationale  
 
The purpose of the dissertation study was to examine how the mental imagery that 
college students created and associated with unfamiliar vocabulary words affected the 
degree to which they learned and remembered the meanings and pronunciations of the 




words.  The APA Dictionary of Psychology (VandenBos, 2007, p. 467) defines mental 
imagery as the “cognitive generation of sensory input from the five senses”. More 
specifically, the focus of this investigation was the extent to which the activation of 
sensory motor features that included auditory, visual, textural, olfactory, gustatory, and 
kinesthetic features enhanced the representation of vocabulary words in memory 
compared to the activation of only visual features.  
This study focused on two different interventions for teaching vocabulary to 
college students: 1) having students generate sensory-motor imagery that included 
auditory, visual, textural, olfactory, gustatory, and kinesthetic features and 2) having 
students generate imagery that included only visual features.  A third group serving as a 
verbal control was simply provided with meanings of the vocabulary words and asked to 
repeat the words and their meanings. 
Students in the visual imagery group were asked to focus on the visual categories 
and features of imagery they created about each of the pseudo words. These visual 
categories included size, shape, color, luminance, action, and emotion. Students in the 
sensory motor imagery group were asked to focus on the how they experienced each of 
the pseudo words through the following senses: visual, auditory, olfactory, gustatory, 
tactile, and kinesthetic.  
Hypotheses  
 
First, based on the results of the pilot test, it was hypothesized that sensory motor 
images elaborating the meanings of words would produce better memory for the words 
and their meanings than visual images.  More specifically, college students who were 
given meanings and instructed to utilize the meanings to imagine sensory motor features 




(i.e., auditory, visual, textual, olfactory, gustatory, and kinesthetic images) would be 
better able to learn the meanings, pronunciations, and spellings of pseudo words than 
students who were given meanings and instructed to utilize the meanings to imagine 
strictly visual features.  
Second, it was hypothesized that the students in both the sensory motor and visual 
conditions would be better able to learn the meanings, pronunciations, and spellings of 
words than the students in the verbal control condition who were simply given meanings 
of the words.  This expectation was based on the fact that the verbal control students were 
not asked to form mental images of the words that they were learning. An alternative 
hypothesis was that the students in the verbal control condition would do better than the 
students in the imagery conditions because they were focusing more on learning 
meanings than forming mental images.  
Third, it was hypothesized that students’ prior vocabulary knowledge, word 
reading ability, and word decoding ability would predict their learning and memory for 
the vocabulary words. This hypothesis was based on the fact that vocabulary knowledge 
and reading ability are important contributors to word learning.  
Fourth, it was hypothesized that students in both imagery conditions would recall 
meanings of the words better after two weeks than students in the verbal definition 
rehearsal condition. This hypothesis was suggested by a preliminary observation during 
the pilot test assessing one student’s impressive ability to remember the meanings of 
almost all of the words two weeks following his completion of the study.  
Fifth, based on pilot study results, it was hypothesized that the number of mental 
images generated by the students in the visual and sensory motor groups would have a 




significant effect upon their memory for these words and their meanings. Specifically, the 
greater the number of images generated, the better their memory for the words. 
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English-speaking undergraduate college students from the metropolitan New 
York City area were recruited and screened until at least 16 students were available for 
participation in each of the three conditions in the study, for a total of 49 students. 
Cohen’s (1992) recommended number of study participants to obtain a power of .80 with 
a .05 level of significance and a medium effect size of .50 for three groups in an analysis 
of variance is 52 per group. The statistical power of this study, though, can be 
substantially increased with the above smaller number of students by using a covariate 
analysis with the pretest scores of the students in their reading, vocabulary, and word 
attack abilities. 
All study participants were screened for their English language skills either in an 
initial telephone contact prior to the study session or in a direct conversation in person 
immediately before the study began. The English language receptive and expressive 
speech and language skills of these participants were evaluated during brief telephone or 
in person conversations. It was determined that all of these students were, in the English 
language, able to adequately express themselves in an understandable manner and to 
understand what was being said to them in a basic conversation. All participants 
evaluated over the phone and in person for their English language skills were included in 
the study. No students were eliminated for their English speech and language skills over 
the telephone or in person.  
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In order to recruit students for this study, flyers were posted on bulletin boards in 
colleges and universities to recruit undergraduate students who were enrolled in four year 
colleges, who were eighteen years of age or older, and who were English speaking. In 
addition, college psychology and education departments, professors, instructors, and 
colleagues were contacted to request permission to distribute flyers to students in their 
classrooms, to discuss the purpose of this study, and to answer any questions that the 
students might have concerning the study. Student associations, clubs, and organizations 
on college campuses were also asked to distribute flyers.  
The students in the study were asked to sign a consent form (see Appendix A) and 
were randomly assigned to one of three groups in this study.  A representative sample of 
male and female students from a variety of ethnic backgrounds was included in the study. 
For documentation purposes, following the study, students were contacted by telephone, 
text, or e-mail and were asked to state their age. During the study, the ethnic backgrounds 
of these students were assessed by observation and an examination of their names. 
Students were randomly assigned to one of three treatment conditions. The audio 
responses of the students were recorded on an iPhone. They were also excluded if they 
were taking any English remedial classes or if they refused to be audiotaped.  
Table 4 summarizes the characteristics of the participants in this study. In general, 
the age range of the students was between the ages of 18 and 24. They were mostly 
students from either a psychology or education undergraduate class in a City University 
of New York (CUNY) four-year college. Two students were undergraduate students from 
Pace University. One student from CUNY was 39 and another was 48. Both of these 
older students had previous master’s degrees. 
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Female 38 12 12 14 
Male 11 4 4 3 
Ethnicity 
Black 9 3 3 3 
Asian 7 4 3 0 
White 6 2 2 2 
Hispanic 15 3 6 6 
Other 12 4 2 6 
Measures and Procedures 
All assessments and training sessions were conducted individually with each 
student who provided consent to participate in the research study.  
Pretests 
The pretests were administered in the order in which they are discussed below. 
Reading Ability 
The Word Identification subtest of the Woodcock Reading Mastery Tests-Third 
Edition (WRMT-III) (Form A) (Woodcock, 2011) was also administered to assess the 
students’ word reading ability.  According to the test manual, this test has split-half 
reliabilities of .89 to .91 for grades 10-12 and a test-retest reliability of .88 for grades 9-
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12. For each student, the test began at the test publisher’s suggested starting point for
students with reading levels between grade 10 and adult. Although there are a total of 46 
items in this test, the testing began at item number 30. Therefore, students were asked to 
read a list of 17 real words from Form A. Their ability to pronounce and read these words 
correctly was scored. One point was awarded for each word correctly pronounced. 
Decoding Ability 
The Word Attack Subtest of the Woodcock Reading Mastery Tests-Third Edition 
(WRMT-III) (Form A) (Woodcock, 2011) was also administered to assess the students’ 
ability to apply phonic and structural analysis skills to pronounce unfamiliar pseudo 
words. A total of 17 nonsense words was presented to students and they were asked to 
read each word aloud. According to the test manual, this test has split-half reliabilities 
between .81 and .87 for grades 9-12 and a test-retest reliability of .88 for grades 9-12. 
Their ability to pronounce and read these nonsense words correctly was scored. One point 
was awarded for each nonsense word correctly pronounced. 
Receptive Vocabulary Knowledge 
The Vocabulary subtest of the Nelson-Denny Reading Test, (Form I) (Fishco, 
2019) was administered to measure students’ vocabulary knowledge.  The test consists of 
80 multiple-choice items, each with five response options. The time allowed for this part 
of the exam is 15 minutes. The Nelson Denny test is a reading survey test used with high 
school and college students. Form I of the Vocabulary subtest of this test has a coefficient 
alpha reliability of .93/.93 and a test-retest reliability coefficient of .95/.96. One point was 
awarded for each item correctly answered. 




 Students were trained and tested individually following one of three different 
vocabulary-learning procedures (see Appendix B).  
Vocabulary Words Taught  
 Since the participants in this study were undergraduate college students it was 
decided to teach them the meanings of pseudo words rather than the meanings of rare real 
words to eliminate the possibility that any of the students knew the meanings of any of 
the vocabulary words. This was important because the purpose of this study was to 
investigate the relative effectiveness of different instructional methods for teaching 
students the meanings of new vocabulary words that they did not already know. Another 
reason for using pseudo words in this study was that some rare real words contain 
morphological parts that give clues to their meaning. The analysis of these would add a 
non-treatment learning strategy that might be used by participants and hence obscure the 
effects of the treatments. Therefore, a list of ten pseudo words and their meanings was 
developed (see Table 5).  
For the purposes of this dissertation study, pseudo words were not actual words in 
the English language but had plausible pronunciations and spellings of real English 
words. In addition, pseudo words had to have the sound and appearance of English 
language nouns. Pseudo words included in this study were evaluated to determine that 
they did not contain any parts that might be associated with actual words or meanings in 
English that would be helpful hints for students attempting to learn the meanings of these 
words.   
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Initially, multisyllabic pseudo words were drawn from the Rosenthal and Ehri 
(2008) study. These words each had two syllables. Then phonemes such as “er” or “en” 
were added to these words to make them sound more plausible as English nouns.  Their 
enunciations and spellings were evaluated to determine that they met the requirements of 
a legal pseudo word in the English language and that they resembled but were not 
identical to actual words in English. These words were longer than the words used in the 
pilot study but not so difficult that they could not be pronounced. Following this step, 
several individuals familiar with the English language reviewed these words to ensure 
that they sounded and looked like they were plausible English words. The final list 
included five three-syllable words and five two-syllable words to ensure that the words 
were not too difficult for the students to learn. Once a list of acceptable pseudo words 
was developed, meanings were randomly assigned. The words and meanings were 
evaluated to make sure that there were no obvious clues in the words themselves that 
might be particularly helpful to the students in learning their meanings.   
 Table 5 below provides a list of pseudo word spellings, meanings, and 
pronunciations that were taught: 
Table 5 – Meanings and Pronunciations of Pseudo Words  
 
Meanings and Pronunciations of Pseudo Words 
1. A hettundut (stress on het with e short vowel; tun and dut with short u) is a family 
of whales who live in the ocean. 
2. A nuppelin (stress on nup, with u short vowel; pe with schwa pǝ; lin with short i) 
is the name of each of the steps on a ladder so people can climb it. 
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3. A prulun (stress on pru with long u vowel like prune; short u in lun) is a big 
strong truck that carries heavy loads. 
4. A liggenwal (stress on lig with short i; unstressed gen pronounced gǝn with 
schwa; wal pronounced like wall) is a person who is very mean to other people 
and animals. 
5. Zoggen (stress on zog with short o like fog; gen unstressed with schwa 
pronounced gǝn) is soft mushy food for babies who don’t have any teeth. 
6. A tibbalin (tib stressed with short i; unstressed on bǝl pronounced with schwa 
vowel; in pronounced with short i) is a large deer with long branching antlers that 
lives in the woods. 
7. Jickum (stress on jick with short i; um pronounced with schwa/short u) is squishy 
wet ground covered in grass. 
8. A wugger (rhymes with mugger, stress on wug) is a small electronic organ or 
piano with a single keyboard for making music. 
9. A rittunjom (stress on rit with short i; tun with short u; jom with short o like Tom) 
is a dog that doesn’t have any home so is homeless. 
10. A gadle (stress on ga with long a pronounced gay; dle pronounced dəl) 
 
is a small, mouselike, rodent who can jump very high. 
 
Training Condition #1 - Sensory Motor Imagery [See Appendix B for script to be used in 
this condition]  
 
Initially, students in the sensory motor imagery condition were told that the 
researcher was going to teach them the meanings of some new words that were 
unfamiliar and were not real words. They were identified as pseudo words with made up 
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meanings. They were told that it was their job to learn the spellings, pronunciations, and 
meanings of these words.  They were told that one way to learn each word was to build a 
picture of the word and its meaning in their head.  They were directed to imagine that 
they were in a movie and interacting with the meaning of each of these words. They were 
asked to imagine in their mind all sorts of things that were happening to them in the 
movie that were centered around each word’s meaning. Then they were asked to tell the 
researcher what was happening to them in the movie. 
The researcher then introduced a checklist of possible sensory motor features that 
the student might use to create their movie (See Table 6). The researcher reviewed the 
checklist with the student. He explained that when they imagined what was happening to 
them in the movie about the word’s meaning, they should imagine as many features 
within each category as possible from this checklist.  He explained to them that this 
checklist included sensory motor categories such as the sights that they were seeing, the 
sounds that they were hearing, the tastes that they were experiencing, the smells that they 
were experiencing, the feelings of touch that they were experiencing, and the movements 
in their body that they were experiencing. He then explained that sights that they were 
seeing included sensory motor features related to size such as small, large, tiny, and wide; 
sensory motor features related to shape such as circle, square, triangle, and rectangle; 
sensory motor features related to color such as red, blue, green, and brown; sensory 
motor features related to luminance such as dark, bright, sparkling, and flickering; 
sensory motor features related to action such as running, jumping, flying, and lightening; 
sensory motor features related to emotion such as happy, sad, angry, and scared; sensory 
motor features related to sounds that they were hearing such as loud, soft, crashing, and 
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banging; sensory motor features related to tastes that they were experiencing such as 
bitter, sweet, salty and sour; sensory motor features related to smells that they were 
experiencing such as musty, rotting, gaseous, and floral; sensory motor features related to 
feelings of touch that they were experiencing such as rough, smooth, cold, and hot; and 
sensory motor features related to movements of the body that they were experiencing 
such as shaking, bouncing, sliding, and falling.  











   ☐Shape  ☐Circle ☐Square 
☐Triangle 
☐Rectangle 
☐Other   _______________ 
   ☐Color  ☐Red ☐Blue 
☐Green 
☐Brown 
☐Other  _______________ 
   ☐Luminance  ☐Dark ☐Bright 
☐Sparkling 
☐Flickering 
☐Other  _______________ 
    ☐Action ☐Running ☐Jumping 
☐Flying 
☐Lightening 
☐Other  _______________ 
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   ☐Emotion  ☐Happy ☐Sad 
☐Angry 
☐Scared 
☐Other  _______________ 
☐Sounds   ☐Loud ☐Soft 
☐Crashing 
☐Banging 
☐Other  _______________ 
☐Tastes  ☐Bitter ☐Sweet 
☐Salty 
☐Sour 
☐Other  _______________ 
☐Smells  ☐Musty ☐Rotting 
☐Gaseous 
☐Floral 
☐Other  _______________ 










☐Other  _______________ 
 
The words above were selected for this checklist because they provided examples 
of sensory motor features for categories that might be imagined by the students in the 
sensory motor condition. They were provided to the students to guide their thoughts and 
help them focus on the sensory motor aspects of the images they would create for each of 
the pseudo words.  
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The researcher then had each student in the sensory motor imagery group listen to 
his reporting on his sensory motor imagery for the pseudo word “rislin”. He 
demonstrated the sensory motor imagery procedure that they should follow in learning 
each of the ten pseudo words in this study. He said that he was going to imagine the word 
“rislin”.  He defined a “rislin” as a large boat with one deck to stand on. He then said 
that he was going to look at the sensory motor features and categories from the checklist 
to help him imagine that he was in a movie and interacting with the word “rislin”. He 
then verbally reported on the movie that he was imagining about these features as they 
related to the word “rislin”. He demonstrated how he imagined the features within the 
sensory motor categories of the sights (and subcategories of size, shape, color, luminance, 
action, and emotion), sounds, tastes, smells, feelings of touch, and movements of the 
body of the “rislin” and him in the movie.  
He then explained that he was going to think about how he would visualize the 
word “rislin” and himself in his head. He explained that he was going to build a picture 
of the word, “rislin”, and its meaning in his head. He explained that he was imagining 
that the waves were very large and that he was being thrown around as the “rislin” was 
moving up and down over the waves. This image included features from the sensory 
motor categories of size, movements of the body, and action on the checklist. He 
explained that he was imagining that he heard the crashing sound of the waves against the 
side of the boat. This image included a feature from the sensory motor category of sounds 
on the checklist. He explained that he was imagining that he smelled and tasted the brine 
of the ocean. This image included features from the sensory motor categories of smells 
and tastes on the checklist. He explained that he was imagining that he felt the cold water 
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hitting his body and soaking his clothes and that he felt very cold and wet. This image 
included features from the sensory motor categories of feelings of touch and movement 
of the body on the checklist. He explained that he was imagining that he and the other 
people were falling over each other and slipping on the deck of the white boat. This 
image included features from the sensory motor categories of movements of the body, 
action, and color on the checklist. He explained that he was imagining that he felt a very 
strong wind hitting him and the rain coming down very hard on him.  This image 
included features from the sensory motor categories of feelings of touch and movements 
of the body on the checklist. He explained that he was imagining that a much larger boat 
could now be seen approaching the “rislin”. This image included features from the 
sensory motor categories of size and action on the checklist. He then explained that he 
was checking off those features within the sensory motor categories on the sensory motor 
checklist that he included in his sensory motor imagery. He said that those features were 
from the sensory motor categories of size, color, action, sounds, tastes, smells, feelings of 
touch, and movements of the body. He concluded by saying that the new word was 
rislin.” 
While listening to this imagery report, the students were asked to check off the 
sensory motor features within those categories they noticed in the report. They were 
asked to identify the specific features from the sensory motor checklist that were included 
in the report. While they were responding, the researcher checked off the sensory motor 
categories addressed in their responses. After listening to the students’ responses, the 
researcher pointed out those categories and the features within those categories that they 
missed.  
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After the preliminary training period, each student generated sensory motor 
imagery for the ten words and their meanings listed in Table 5 over two trials. The 
purpose of utilizing two trials was to ensure adequate time for learning.  In the first run 
through of the words, each of the words and meanings was introduced to the student. He 
or she was instructed to utilize the sensory motor imagery procedure outlined above to 
learn these meanings. Each word and its meaning were shown to the student on an index 
card and the word and meaning were read to the student by the researcher. Then the 
student was asked to pronounce the word and read its meaning. They were also asked to 
look at the checklist of sensory motor features and categories and plan what they would 
imagine. They were asked to imagine that they were part of a movie involving the 
meaning of that word and interact with the word by including as many features within 
each category as possible from the checklist. They then told the researcher when they 
were ready to create the movie. Then they were asked to imagine their movie and then 
report on their movie. The procedure was to first direct them to look at the list to think 
about and plan their images, second implement their plan, and finally to report on their 
movie.  In the end, the researcher asked, “What is the word?” Then the student said the 
word.  
The second run through the words consisted of a combined test and study trial. 
The ten words in Table 5 were shown to the student in a different order. Each word was 
displayed on an index card and the word was read to the student. The student was asked 
to try to recall its meaning (test part of the trial); then the card was turned over showing 
the word and its meaning.  At that point, the word and the meaning were read to the 
student (feedback part of trial). Then the student was asked to resurrect their previous 
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sensory motor image for the word (study part of the trial) and add as many new features 
from the sensory motor categories as possible This involved asking the student to 
imagine the meaning of each word using the sensory motor imagery procedure practiced 
during Trial 1 of training. The student had available the checklist of sensory motor 
categories and features within those categories practiced during Trial 1 of training.  
Following this, a third run through the words was implemented which consisted 
of only a test to assess whether the student was able to accurately recall the meanings of 
each of the words. The ten words were shown to the student in a different order. The 
researcher read each word, asked the student to recall the word’s meaning, the word and 
meaning were read again to the student, and the researcher concluded by asking the 
student to say the word.   
The sensory motor imagery reported by the student was assessed quantitatively.  
One point was awarded for each of the sensory motor features and categories that were 
reported for each of the pseudo words. This included sensory motor features reported that 
were not on the sensory motor imagery checklist as well as those on the checklist. 
Training Condition #2 - Visual Imagery (See Appendix B for the script used in this 
condition)  
 
Initially, students in the visual imagery condition were told that the researcher 
was going to teach them the meanings of some new words that were unfamiliar and were 
not real words. They were identified as pseudo words with made up meanings. They were 
told that it was their job to learn the spellings, pronunciations, and meanings of these 
words.  They were told that one way to learn each word was to close their eyes (though it 
was mentioned that they did not have to close their eyes) and build a picture of the word 
and its meaning in their head.  They were directed to imagine that they were looking at a 
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movie that elaborated the meaning of each of these words. They were asked to imagine in 
their mind all sorts of things that they saw happening in the movie that was centered 
around each word’s meaning. Then they were asked to tell the researcher what was 
happening. 
The researcher then introduced a checklist of possible visual categories and 
features that the student might use to create their movie (see Table 7.) The researcher 
reviewed the checklist with the student. He explained that when they imagined what was 
happening to a word’s meaning in the movie, they should imagine as many features 
within each category as possible from this checklist.  He explained that the students’ 
images or self-embedded scenarios would include people, animals, or objects to which 
appropriate categories or features would be applied. He explained to them that this 
checklist included visual categories such as size, shape, color, luminance, action, and 
emotion. He then explained that size included visual features such as small, large, tiny, 
and wide; shape included visual features such as circle, square, triangle, and rectangle; 
color included visual features such as red, green, blue, and brown; luminance included 
visual features such as dark, bright, sparkling, and flickering; action included visual 
features such as running, jumping, flying, and lightening; and emotion included visual 
features such as happy, sad, angry, and scared.  
 
Table 7 - Visual Imagery Checklist  
 
Category Features 
☐Size  ☐Small ☐Large 
☐Tiny 
☐Wide 
☐Other  _______________ 
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☐Shape  ☐Circle ☐Square 
☐Triangle 
☐Rectangle 
☐Other   _______________ 
☐Color  ☐Red ☐Blue 
☐Green 
☐Brown 
☐Other  _______________ 
☐Luminance  ☐Dark ☐Bright 
☐Sparkling 
☐Flickering 
☐Other  _______________ 
☐Action  ☐Running ☐Jumping 
☐Flying 
☐Lightening 
☐Other  _______________ 
☐Emotion  ☐Happy ☐Sad 
☐Angry 
☐Scared 
☐Other  _______________ 
 
The words above were selected for this checklist because they provided examples 
of visual categories and features that might be reported by the students in the visual 
imagery group. They were provided to the students to guide their thoughts and help them 
focus on the visual aspects of the images they were creating for each of the pseudo 
words. 
The researcher then reported on his visual imagery for the pseudo word “rislin” in 
order to demonstrate the visual imagery procedure that students should follow in learning 
each of the ten pseudo words. He said that he was going to imagine the word “rislin”. He 
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defined a “rislin” as a large boat with one deck to stand on.  He then said that he was 
going to look at the visual categories and features from the checklist to help him imagine 
a movie about this word. He then verbally reported on the movie that he was imagining 
about these categories and features as they related to the word “rislin”. He demonstrated 
how he imagined the features within the visual categories of size, shape, color, 
luminance, action, and emotion of the “rislin” in the movie.  
He then explained that he was going to think about how he would visualize the 
word “rislin” in his head. He explained that he was going to close his eyes and build a 
picture of the word, rislin, and its meaning in his head and report what he saw happening. 
He said “I am going to look at the checklist of possible visual categories and features and 
plan what I will imagine. I will imagine that I am watching a movie involving the 
meaning of a “rislin”. I will think about how I will visualize the “rislin” in my head. I will 
include as many features within each category as possible from the checklist. He 
explained that he was imagining that the rislin was a very big, wide, and rectangular 
white boat. This image included features from the visual categories of size, shape, and 
color on the checklist. He explained that he was imagining the waves as being very high 
and large and that they were white and gray in color. This image included features from 
the visual categories of size and color on the checklist. He explained that he was 
imagining that the waves were crashing up against the boat and knocking it and the 
people on it from side to side. This image included features from the visual categories of 
action on the checklist. He explained that he was imagining that the faces of the people 
on the boat looked very scared. This image included a feature from the visual category of 
emotion on the checklist. He explained that he was imagining that clouds were moving in 
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and the sky was getting very cloudy and dark. This image included features from the 
visual categories of luminance and action on the checklist. He explained that he was 
imagining that all of a sudden, a faint light could be seen off in the distance and that the 
sky was getting brighter. This image included features from the visual category of 
luminance on the checklist. He explained that he was imagining that a much larger boat 
that was blue and yellow could be seen approaching the “rislin”. This image included 
features from the visual categories of size, color, and action on the checklist. He then 
explained that he was opening his eyes and checking off the features within the visual 
categories on the checklist that he included in his visual imagery. He said that those 
features were from the visual categories of size, shape, color, luminance, action, and 
emotion on the checklist. He concluded by saying that the new word was “rislin.” 
While listening to this imagery report, the students were asked to check off the 
visual features within those categories they noticed in this report. They were asked to 
identify the specific features from the visual imagery checklist that were included in the 
report. While they were responding, the researcher checked off the visual categories 
addressed in their responses. After listening to the students’ responses, the researcher 
pointed out those categories and the features within those categories that they missed.  
After the preliminary training period, each student generated visual imagery for 
the ten words and their meanings listed in Table 5 over two trials. The purpose of 
utilizing two trials was to insure adequate time for learning.  In the first run through the 
words, each of the words and meanings was introduced to the student. He or she was 
instructed to utilize the visual imagery procedure outlined above to learn these meanings. 
Each word and its meaning were shown to the student on an index card and the word and 
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meaning were read to the student by the researcher. Then the student was asked to 
pronounce the word and read its meaning. Then they were asked to look at the checklist 
of visual features and categories and plan what they would imagine. They were asked to 
imagine that they were creating [watching] a movie involving the meaning of that word. 
They were asked to imagine as many features within each category as possible from the 
checklist. They then told the researcher when they were ready to create the movie. Then 
they were asked to imagine their movie and report on their movie. The procedure directed 
them to first look at the checklist to think about and plan their images, to implement their 
plan, to report on their movie, and then respond to the question, “What is the word?” 
Then the student said the word.  
The second run through the words consisted of a combined test and study trial. 
The ten words in Table 5 were shown to the student in a different order. Each word was 
displayed on an index card and the word was read to the student. The student was asked 
to try to recall its meaning (test part of the trial); then the card was turned over showing 
the word and its meaning.  At that point, the meaning was read to the student (feedback 
part of trial). Then the student was asked to resurrect their previous visual image for the 
word (study part of the trial) and add as many new features as possible by drawing from 
the visual categories. This involved asking the student to reimagine the meaning of each 
word using the visual imagery procedure practiced during the first run and report their 
reimagined and elaborated visual image for each of the ten words. The student had 
available the checklist of visual categories and features within those categories.  
Following this, a third run through of the words was implemented which 
consisted of only a test to assess whether the student was able to accurately recall the 
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meanings of each of the words. The ten words were shown to the student in a different 
order. The researcher read each word and asked the student to orally tell the meaning of 
each word. Each word and meaning were read by the researcher following the student’s 
oral recall of the word’s meaning and ended with the student orally saying the word.   
The visual imagery that the student reported was assessed quantitatively. They 
were awarded one point for each of the visual features and categories that they reported 
in their visual imagery for each of the pseudo words. This included visual features 
reported by the student that were not on the visual imagery checklist as well as those on 
the checklist.  
Training Condition #3 - Verbal Control Condition - Meaning Repetition (See Appendix B 
for script of this condition)  
 
Initially, it was explained to the student in the verbal control condition that they 
would be taught the meanings of some new words that would be unfamiliar and that were 
not real words. They were identified as pseudo words with made up meanings. They were 
told that it was their job to learn the spellings, pronunciations, and meanings of these 
words.  They were told that the best way to learn each word was to first look at the 
written word and its meaning. Then, it was explained that the researcher would read the 
word to them and then ask them to repeat the word. It was explained that their job was to 
learn the spelling, pronunciation, and meaning of the word. They were told that the best 
way to remember each word was to look at its spelling, to read the word, to see and hear 
a sentence defining the word, and to repeat the word and its meaning three times. 
The researcher then gave the student the opportunity to practice this procedure 
with an example. He asked the student to look at the first word that was typed on an 
index card. The researcher handed the first index card to the student with the side that 
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showed the spelling of the word face up. The researcher pronounced the word, “rislin”. 
He asked the student to repeat the word. He then asked the student to turn this card over 
to the other side. The researcher then read the meaning of this word, by saying “A rislin 
is a large boat with one deck to stand on.” He then asked the student to read the word and 
its meaning three times. After the student did this, the researcher asked the student to turn 
this card over again and to repeat the word. Then he took the index card back from the 
student.  
In the first run through the words, the researcher introduced each of the ten words 
and their meanings. The student was asked to repeat each of the words and their 
respective meanings three times. In the second run through the words, the student was 
asked to recall the meanings of each of the words that were presented in a different order. 
Then they were shown the meanings and were asked to repeat the words and their 
meanings three times. For instance, with the word, “hettundut”, after the student was 
asked to recall the meaning of this word, the student was instructed to read the word and 
its meaning aloud three times. After doing this, the student was asked to pronounce the 
word.  Following this second run, a third run was implemented. The ten words were 
presented in a different order. Each word was presented, and students were asked to recall 
its meaning.   
Posttests  
 
Study participants’ vocabulary learning was assessed in a series of posttests 
following the training procedures described above (see Appendix C). Throughout these 
posttests, the order of words was varied. Students were tested individually at the end of 
the vocabulary learning period of this study. These posttests were administered in the 
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following order: free recall test; word recall test; spelling, meaning, and sentence usage 
test; and multiple-choice word meaning test. A posttest interview and two-week follow-
up recall test were also administered.  
Free Recall Test  
 
The first posttest measured meaning memory that was not dependent on its 
association to a word label. This provided a measure of meaning recall independent of 
label recall. Students were asked to recall as many of the taught words and meanings as 
they could. This posttest was followed by other posttests that consisted of prompted recall 
tasks.  The researcher started off by saying, “Now I would like you to tell me as many 
vocabulary words and meanings as you can recall. You might remember a word but not 
its meaning, or a meaning but not its label. That is okay. Just tell me as much as you 
remember.” The researcher awarded one half of a point to a student if they only recalled a 
word. He awarded one half of a point to a student if they only recalled a meaning. If a 
student recalled both a word and its meaning, the researcher awarded one full point to the 
student. A student could earn a maximum of 10 points for the ten vocabulary words. 
Word Recall  
 
The second posttest assessed the students’ recall of the words that were taught. 
The researcher started off by saying, “Now I will see whether you can recall the 
pronunciations of the words we just practiced.” Then the researcher read the ten 
meanings to the student and for each meaning the student was asked to pronounce the 
word associated with that meaning. For instance, the researcher said, “This word means a 
dog who doesn’t have any home so is homeless. What is the word?” The researcher 
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awarded one point for a correct pronunciation and zero points for an incorrect 
pronunciation of each word.  
Memory for Spellings and Meanings of Words and Use in Sentences  
 
In the third posttest the students’ memory for spellings and meanings of training 
words was measured. The researcher pronounced each of the words and asked each 
student to write that word on a sheet of paper and to orally state both the meaning of that 
word and to use it in a meaningful sentence. The researcher started off by saying “Now I 
will see whether you can remember the words we just practiced. I’ll ask you to write the 
words, tell me their meanings, and embed the words in meaningful sentences.” For 
example, he said, “Write the word liggenwal.” After the student responded in writing, the 
researcher asked, “What was the meaning of liggenwal?” After the student responded, the 
researcher said, “Please use this word in a meaningful sentence.” The researcher awarded 
one point for a correct spelling of the word and zero points for an incorrect spelling. He 
also awarded one point for the correct meaning of the word, 0.5 points for a partially 
correct meaning of the word, and zero points for a totally incorrect meaning of the word. 
The scale reliabilities of the spelling and word meaning posttests for the inter-item 
correlations for the ten words were assessed and yielded Cronbach’s Alphas of +.72 for 
spelling and +.84 for word meaning. 
Multiple-Choice Word Meaning Test  
 
In the fourth posttest, the researcher presented a written multiple-choice word-
meaning test to each of the students to assess their memory for meanings of words 
learned during the training phase. The purpose of this test was also to assess the student’s 
ability to apply their knowledge of each of the meanings rather than simply assess their 
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rote memory recognition of definitions. Each multiple-choice item on this posttest 
consisted of a stem that identified the pseudo word and required the student to complete a 
missing statement concerning a pseudo word or to respond to a question concerning that 
pseudo word. The three multiple-choice answers, including two foils (incorrect answers 
or distractors) for each of the words in this test, were created based on the meaning of the 
word itself as well as the meanings of two other words on this test. These unique foils 
referred to meanings of other words that were taught and were only used once. Meanings 
referring to the same word were worded differently. For example, the multiple choice 
item for the word, nuppelin, had the correct choice of “can help a person reach something 
above their head” as well as the incorrect distractors of “can easily avoid someone trying 
to catch it”, which was the correct answer for the word, gadle, and “lives on the streets”, 
which was the correct answer for the word, rittunjom. This increased the possibility that a 
student might confuse the meaning of one word with the meanings of other words in the 
test and that this would be a more sensitive test of the student’s understanding of the 
word meaning. The researcher started off by saying, “I am going to read you some 
multiple-choice questions about the words you learned. Please select the best possible 
answer to each question.” The possible multiple-choice answers presented to the students 
were not re-statements of the definitions that were taught; rather, they were extensions of 
the meanings. Ten different multiple-choice items were shown to the student. Each item 
was presented to the student with three possible options. For example, the student was 
presented in writing with the following question: “Where would you find a hettundut?” 
Under this question, the student was presented with the following three choices: a) in a 
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forest; b) in a large body of water; c) on a highway. The researcher awarded one point for 
a correct response to each of the ten sentences.   
Posttest Interview  
 
At the end of the study, the researcher asked students in each of the groups to 
describe what methods they used when attempting to learn and remember the vocabulary 
words that were presented to them (see Appendix D). They were asked what they did to 
help them remember the words and their meanings from the training phase, how much 
that helped them to remember the words, and if they used any other method to help them 
remember the words. This was used as a fidelity check. In this way, the researcher was 
able to determine whether or not the students believed that the intervention method to 
which they were assigned was helpful and whether they used other strategies to help them 
remember the vocabulary words. This provided information about what the students 
believed had worked best for them in terms of vocabulary memorization and learning.  
Two-Week Follow up Recall Test  
 
In addition, the students’ memory for the meanings of the ten words that they 
were taught was tested in a phone interview approximately 14 days after the completion 
of the study. At the completion of the study, they were told that they would be 
interviewed 14 days later but were not told that their memory of the words and meanings 
of the words that they learned would be tested. Approximately two weeks following the 
administration of the posttests, the researcher made a telephone call to them in order to 
assess their level of recall for the words and their meanings (see Appendix E). The 
students were expecting this phone call but were not told that their recall for the words 
and their meanings would be assessed. In this phone call, the researcher started off by 
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saying, “Now I would like to test your memory for the meanings of the vocabulary 
words.” Then the researcher pronounced each of the words and asked the student to 
orally state the meaning of that word. The purpose of this follow up test was to compare 
long-term memory for the vocabulary words by the imagery and meaning groups. The 
researcher awarded one point for the correct meaning of the word, 0.5 points for a 
partially correct meaning of the word, and zero points for a totally incorrect meaning of 
the word. The scale reliability of this two week follow-up recall test for the inter-item 
correlations for the ten words was assessed and yielded a Cronbach’s Alpha of +.83. 
Design and Statistical Analysis  
 
The first hypothesis proposed was that sensory motor images elaborating the 
meanings of words would produce better memory for the pronunciation of the words, 
their meanings, and their spellings than visual images and verbal review of word 
meanings.  More specifically, students who were given meanings and were instructed to 
use the meanings to imagine sensory motor features would be better able to learn the 
meanings, pronunciations, and spellings of pseudo words than would students who were 
given meanings and were instructed to use the meanings to imagine strictly visual 
features, and better than students who verbally reviewed word meanings.  
The independent variables being tested by the first hypothesis were the 
instructional method used to teach the students the meanings of pseudo words, which had 
three levels: visual vs. sensory motor vs. verbal; and test trials during learning: Test 1 vs. 
Test 2. The dependent variables were the performance of the students in the meaning 
recall tests on trials 1 and 2 of the training, the free recall test posttest, the word recall 
posttest, the meaning recall posttest, the spelling recall posttest, a test assessing the 
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students’ application of their knowledge of the meanings, the number of imagery 
connections made during training, the training time, and a long-term recall test. A one-
way analysis of variance (ANOVA) program from the Statistical Package for the Social 
Sciences (SPSS) (IBM, 2017) was used on each of these dependent variables to assess 
whether or not the treatment condition exerted a significant effect upon any of these 
outcomes. In addition, a two-way ANOVA program from the Statistical Package for the 
Social Sciences (SPSS) (IBM, 2017) was used to assess the effect of treatment and test 
trials in the meaning recall test. An ANOVA was also conducted with the Nelson Denny 
(Fishco, 2019) vocabulary test, the Woodcock Reading Mastery Test-Third Edition 
(Woodcock, 2011) word identification subtest, and the Woodcock Reading Mastery Test-
Third Edition word attack subtest to ensure equality of the different treatment groups at 
the beginning of the study and to increase the power of the analysis. In addition, analyses 
of covariance were conducted in order to increase power.  
Second, it was hypothesized that the students in both the sensory motor and visual 
conditions would be better able to learn the meanings, pronunciations, and spellings of 
words than the students in the verbal control condition who were simply given meanings 
of the words.  This expectation was based on the fact that verbal control students were 
not asked to form mental images of the words that they were learning. An alternative 
hypothesis was that students in the verbal control condition would do better than the 
students in the imagery conditions because they were focusing more on learning 
meanings than forming mental images. In order to test these hypotheses, one-way 
ANOVAs were conducted with treatment as the independent variable and the free recall, 
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meaning recall, word recall, spelling, multiple-choice posttest, and long-term recall 
measures as the dependent variables. 
Third, it was hypothesized that students’ prior vocabulary knowledge, word 
reading ability, and word decoding ability would predict their learning and memory for 
the vocabulary words. In order to test this hypothesis, it was important to examine the 
strength and significance of the correlations between the meaning recall scores during 
and after the training and the Nelson Denny vocabulary test (Fishco, 2019), the 
Woodcock word reading test, and the Woodcock word attack test (Woodcock, 2011). It 
was also informative to examine correlations involving the students’ scores on the 
multiple-choice test of word meanings and the long-term meaning recall test scores that 
were obtained approximately two weeks after the initial administration of the study.  
Fourth, it was hypothesized that the number of categories and features within 
those categories imagined by the students in the visual and sensory motor groups would 
have a significant effect upon their memory of the words and their meanings during 
learning and in the posttests. The greater the number of imagery categories and features, 
the better students’ memory for the words would be. Correlations were calculated to 
examine whether the number of categories and features within those categories imagined 
were correlated with the above pretest and dependent variables.  
Scoring, Rating, and Reliability Assessment  
 
Following the administration of the study, transcripts of the imagery responses 
provided by each student in the visual and sensory motor groups during the first trial 
were created based on a review of the trial record sheets. The researcher counted the 
number of visual or sensory motor categories and features used by each student for each 
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word based on a standard checklist (see Appendix F.).  A research assistant created the 
same counts to enable the researcher to assess the reliability of his counts. A Pearson 
correlation analysis was calculated between the counts of the researcher and research 
assistant using SPSS (IBM, 2017). The correlation calculated was +0.85. The level of 
significance of this coefficient was significant at the .01 level (2 tailed).  
In addition, following the administration of the study, the researcher used a 
scoring checklist to award points for each of the meanings provided by the students in the 
visual, sensory motor, and verbal groups (see Appendix G.). One point was awarded for a 
totally correct response, 0.5 points was awarded for a partially correct response, and zero 
points was awarded for a totally incorrect response. A research assistant scored a random 
sample of 30 percent of the total number of word meanings provided by the students and 
scored by the researcher (in the second trial, the third trial, and in a posttest) for all three 
groups of students in the study. A Pearson correlation analysis was calculated between 
the word meanings scored by both the researcher and the research assistant using SPSS 
(IBM, 2017). The correlation calculated was +0.90. The level of significance of this 
coefficient was significant at the .01 level (2 tailed). 
Also, using SPSS (IBM, 2017), the scores on the meaning recall tests on trials 1 
and 2 of the training were analyzed for all three groups of students utilizing a parallel 
form of reliability analysis. The calculated parallel reliability of scale was +.86.  In 
addition, using SPSS, the individual scores within the spelling, word recall, word 
meaning, multiple-choice, and long-term recall posttests were assessed for their internal 
reliability utilizing a scale form of reliability analysis for each of the ten words. The 
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following Cronbach’s Alphas were calculated: Word Recall, +.77; Spelling, +.72; 
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Chapter 5: Results 
Comparison of Treatment Groups on Pretests  
 
Nelson Denny (Fishco, 2019) Vocabulary subtest  
The general assessment used to test the vocabulary ability of the participants was 
the Nelson Denny (Fishco, 2019) Vocabulary subtest. The maximum possible score on 
the Vocabulary test was 80 points. As seen in Table 8, in this test, the sensory motor, 
visual, and verbal groups earned very similar average scores. However, the Vocabulary 
test scores of the participants overall varied substantially as shown by the large standard 
deviations. These scores ranged from 15 to 76. The mean scores of the sensory motor 
(35.75) and visual groups (36.19) on the Nelson Denny vocabulary test correspond to a 
grade equivalent score of 13.7 and the mean score of the verbal group (37.82) 
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Table 8 – Means and Standard Deviations of Pretest Scores 
 
 
Woodcock Word Identification and Word Attack Tests (Woodcock, 2011) 
The general assessments used to test students’ reading ability were the Woodcock 
Word Identification and Word Attack Tests (Woodcock, 2011). The methods described 
below, which explain how the mean raw scores obtained by the participants in the 
Sensory Motor, Visual, and Verbal groups in this study were converted into grade 
equivalent scores, are based on methods described in the publisher’s manual. According 
to the manual, the method for calculating the individual participants’ raw scores on the 
Word Identification and Word Attack subtests involves adding 29 and 9 points, 
respectively, to each of their raw scores on these tests to account for the initial items in 
these subtests which were not administered to the participants with the assumption that 
they would have passed these items. Since the mean pretest scores above in Table 8 for 
the Word Identification and Word Attack subtests are based on the raw scores of the 
items administered to the participants, the paragraphs below explain how the appropriate 
 Treatment 









Pretest   
    
Nelson Denny 
(Max. score-80) 
35.75 (19.94) 36.19 (14.46) 37.82 (17.46) 




11.44 (3.31) 13.06 (2.44) 12.18 (2.68) 




13.19 (3.23) 14.13 (2.99) 14.24 (2.91) 
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number of points were added to the mean raw scores of the participants in each of the 
three groups in order to obtain grade equivalent scores for the three groups. 
Woodcock Word Identification subtest (Woodcock, 2011) 
The maximum possible score on the Word Identification subtest was 17 points 
based on the test publisher’s recommended starting point of item number 30 for grade 10 
and above. As seen in Table 8, the groups of students in the sensory motor, visual, and 
verbal conditions displayed very similar average scores. As with vocabulary ability, the 
Word Identification subtest scores of the participants overall varied substantially among 
the participants. These scores ranged from 4 to 17.  Since the participants in this study 
were only administered items 30 to 46 of the Word Identification subtest, (with item 
number 30 being the recommended starting point for students grades 10 and above), their 
scores on this subtest could not be directly converted into grade equivalent scores. 
Therefore, these grade equivalent scores were extrapolated from the publisher’s manual 
by first adding 29 points to the mean scores of the three treatment groups and then 
identifying the corresponding grade equivalent scores. Utilizing this method of 
extrapolation, the mean scores of the sensory motor (11.44), visual (13.06), and verbal 
groups (12.18) on the Word Identification subtest were estimated to correspond to grade 
equivalent scores of 12.7, >12.9, and >12.9, respectively.  
Woodcock Word Attack subtest (Woodcock, 2011) 
The maximum possible score on the Word Attack subtest was also 17 points 
based on the test publisher’s recommended starting point of item number 10 for grade 9 
and above. As seen in Table 8, in this test, the sensory motor, visual, and verbal groups 
showed very similar average scores. These scores ranged from 5 to 17. Similar to the 
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other two pretests, the Word Attack subtest scores of the participants overall varied 
substantially among the participants. Utilizing the same extrapolation method that was 
used with the Word Identification subtest (but adding 9 points to the mean scores of the 
three treatment groups since the administration of the Word Attack subtest began on the 
recommended starting point of item number 10 for students in grade 9 and above 
according to the publisher’s manual (Woodcock, 2011)), the mean scores of the sensory 
motor (13.19), visual 14.13), and verbal (14, 24) groups on the Word Attack subtest were 
estimated to correspond to grade equivalent scores of 10.2, 12.9, and 12.9, respectively.  
ANOVAs were conducted on students’ scores on the Nelson Denny vocabulary 
subtest, the Woodcock word identification subtest, and the Woodcock word attack subtest 
to compare the three groups. Results in Table 9 show that the treatment groups did not 
differ significantly on any of these pretest measures, indicating that the groups were 
equivalent in vocabulary knowledge and word reading skills when they began the study.  
Table 9 – Analysis of Variance (ANOVA) Test Statistics for Pretest Scores  
 




F-Statistic P-value Partial Eta 
squared 
      
Nelson 
Denny 
     
   Treatment 2 19.86 0.07 0.94 0.00 
   Error 46 303.91    




     
   Treatment 2 10.56 1.33 0.28 0.06 
   Error 46 7.99    
      
Woodcock 
Word Attack  
     
   Treatment 2 5.38 0.58 0.56 0.03 
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   Error 46 7.99    
 
Comparison of Treatment Groups in Training  
 
Students were first given a study trial to learn the ten new words. The students in 
the treatment groups were taught the words by means of an instructional method that 
encouraged the participants to either use a visual imagery or sensory motor imagery 
technique to learn and remember ten pseudo words. The students in the verbal control 
group were told to repeat the definitions of these words. The independent variables were 
type of vocabulary training (3 conditions) and time of testing (two test trials) in the 
analyses of performance during training.  
Table 10 summarizes the means and standard deviations for the training test 




















Table 10 – Means and Standard Deviations of Training Test Measures 
 
aMaximum Score =10 
 
Analyses of variance (ANOVA) in SPSS (IBM, 2017) were used to examine the 
benefit of the two interventions (visual and sensory motor training) compared to the 
verbal condition on learning definitions during the two test trials. Also, the effects of the 
two interventions upon the number of visual and sensory motor images reported by 
students during the learning trials were analyzed. In addition, the amount of time spent in 
the three conditions during the learning trials was compared. 
The researcher scored the performance of participants on the definition recall tests 
during the word learning trials. A rubric for the definition recall tests was developed and 
used by the researcher for scoring purposes (See Appendix G). Results of the ANOVAs 
are given in Table 11. Findings indicated a significant effect of test trials (p <.01) on 
definition recall. However, there were no significant effects of treatment upon definition 
recall during learning.  
 
 Treatment 









Training Test  
    
Definition Recall 
#1a 
4.47 (2.54) 4.56 (2.39) 2.71 (1.80) 
    
Definition Recall 
#2a 
7.00 (2.57) 6.75 (2.58) 5.82 (1.94) 
The Effects of Multisensory Imagery on Vocabulary Learning 
 112 
Table 11 – Analysis of Variance (ANOVA) Training Test Statistics  
 




F-Statistic P-value Partial Eta 
squared 
      
Definition 
Recalla 
     
   Treatment 2 22.77 2.43 0.10 0.10 
   Error 46 9.40    
   Trials 1 167.03 124.49* 0.00 0.73 
   Treatment x         
Trials 
2 1.83 1.37 0.27 0.06 
   Error 46 1.34    
a 2-way ANOVA on definition recall that includes treatment and trials (Test 1 and Test 2) 
*p<.01. 
 
The significant effect of trials reflects the change in participants’ mean recall of 
the ten word definitions between the first and second test trials. Students recalled on 
average 58% to 70% of the definitions after the first study trial. The recall for the 
definitions in all three conditions significantly increased between the first and second test 
trials. The mean increase in recall varied from 2.19 to 3.11 definitions across the 
treatments. These results indicate that one trial of training in all conditions helped 
students learn some of the definitions in a relatively short period of time. Repetition of 
the training procedures with another exposure to the words and their definitions further 
enhanced recall of the ten definitions taught to them. Mean performance is shown in 
Table 8.  
The trials by treatment interaction assessed whether the mean recall of definitions 
increased significantly more in one treatment condition than in another condition between 
Trials 1 and 2. This test was not statistically significant. In the verbal condition, the 
students, on average, increased their recall of the ten definitions by 3.1 words. In contrast, 
in the sensory motor and visual conditions, the students, on average, increased their recall 
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of the ten definitions by 2.5 words and by 2.2 words, respectively (see Table 8). 
However, as noted above these differences between the verbal group and the sensory 
motor and visual groups fell short of statistical significance.   
It should also be noted that the average number of definitions recalled in the first 
test trial by the verbal group was only 2.7 compared to 4.5 and 4.6 for the sensory motor 
and visual groups, respectively. This could explain why the increase in definition recall 
from Trial 1 and Trial 2 for the verbal group was somewhat larger than the increase for 
the sensory motor and visual groups. The level of recall increase was almost identical for 
the sensory motor and visual conditions. Apparently, the sensory motor and visual 
imagery training procedures were equally effective in promoting definition recall. 
Students were taught the meanings of ten pseudo words on flashcards. One study trial 
was followed by a test trial, another study trial, and then a second test trial. Inspection of 
individual students’ performance revealed that all participants in all groups improved in 
their recall from the first to the second test trial except for three participants, one who 
recalled one less definition in the second recall trial and two whose recall scores did not 
change from the first to the second recall trial. However, all three groups fell short in 
remembering all of the definitions by the end of the learning trials. Half points were 
awarded for partial credit. The mean performance of all participants on Trial 1 for 
definition recall was 3.88 out of a maximum possible score of 10 and the mean 
performance on Trial 2 was 6.51 out of a maximum score of 10.  
There was a significant difference in training times between the sensory motor, 
visual, and verbal groups. (see Tables 12 and 13). The average training time for the 
sensory motor group was the longest, lasting over one hour.  The average training time 
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for the visual group was the second longest and was 15 minutes shorter than the training 
time for the sensory motor participants. The average training time for the verbal control 
group was 27 minutes less than the training time for the visual group.  The Bonferroni 
test revealed that the sensory motor group took significantly longer on average than the 
visual group which in turn took significantly longer than the verbal group (p’s < .001).   
Spending more time generating imagery could be expected to provide an 
advantage in learning definitions for the sensory-motor and visual image trained students 
compared to the verbal trained students. This may be one explanation why the two 
imagery groups recalled more definitions on the first test trial during training. However, 
the verbal group caught up by the second test trial, and did not differ from the other two 
groups on the posttest measures of vocabulary learning. Thus, greater time spent during 
imagery reporting did not lead to better learning of the definitions in the long run, so time 
on the learning task was not a factor influencing vocabulary learning. This is a common 
confounding factor when greater time accompanies a specific treatment to produce better 
learning. In fact, several participants in the verbal group spent less time in training than 
did the participants in the other groups but were still able to learn and recall the pseudo 
words by simply rehearsing the definitions. This suggests that practice reciting definitions 
provided an alternative, equally effective way of learning compared to forming sensory 
motor or visual images of the meanings of the words.  
Comparison of Treatment Groups in Posttests  
 
The means and standard deviations of the posttest measures as well as the analysis 
of variance test statistics are shown in Tables 12 and 13 below, respectively. 
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Table 12- Means and Standard Deviations of Posttests 
 
 
a Maximum score = 10 
b Maximum score =unlimited 
c Length of training time in minutes 
 
Table 13 - Analysis of Variance (ANOVA) Test Statistics for the Posttests  
 




F-Statistic P-value Partial Eta 
squared 
      
Free Recall      
   Treatment 2 4.30 1.36 0.27 0.56 
   Error 46 3.16    
      
Word Recall      
   Treatment 2 10.70 1.46 0.24 0.06 
 
Treatment 










    
Free Recalla 6.06 (2.14) 6.83 (1.69) 5.85 (1.46) 
    
Word Recalla 4.50 (3.23) 5.13 (2.94) 3.53 (1.81) 
    
Definition Recalla 7.56 (2.92) 7.78 (2.48) 7.12 (2.06) 
    
Spellinga 5.81 (3.06) 6.88 (1.71) 6.35 (2.23) 
    
Multiple-Choicea 8.81 (1.68) 9.13 (1.54) 8.47 (1.88) 
    
Long-Term Recalla 5.69 (3.21) 5.27 (3.05) 5.29 (2.63) 
    
Number of Imagery 
Categories and 
Featuresb 
15.62 (5.40) 10.85 (3.44)  
    
Training Timec 67.76 (12.89) 52.70 (9.85) 25.58 (4.51) 
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   Error 46 7.35    
      
Definition 
Recall 
     
   Treatment 2 1.90 0.30 0.74 0.01 
   Error 46 6.27    
      
Spelling      
   Treatment 2 4.52 0.79 0.46 0.03 
   Error 46 5.74    
      
Multiple-
Choice 
     
   Treatment 2 1.77 0.61 0.55 0.03 
   Error 46 2.92    





     
   Treatment 2 181.93 8.86* 0.01 0.23 
   Error 46 9.42    
      
Long-Term 
Recall 
     
   Treatment 2 0.83 0.10 0.91 0.00 
   Error 45 8.79    
      
Training 
Time 
     
   Treatment 2 7301.88 77.31** 0.00 0.78 
   Error 44 94.46    
*p < .05, **p < .01 
 
Definition recall posttest. The definition recall posttest assessed the participants’ 
recall of the definitions of the pseudo words after they had completed the study and test 
trials. There were no significant differences between the mean recall scores of 
participants in the three conditions on this measure. However, each group of participants 
The Effects of Multisensory Imagery on Vocabulary Learning 
 117 
showed an increase in their posttest recall of definitions compared to their recall during 
test Trial 2, ranging from half an item mean increase to over one item mean increase.  
Free recall posttest. The free recall posttest assessed the participants’ ability to 
recall as many pseudo words and meanings as they could recall. They might have 
remembered a word but not its meaning, or a meaning but not its label. Basically, they 
were told to tell the researcher as much as they could remember. There were no 
significant differences between the mean free recall scores of participants across the three 
conditions on these measures (see Tables 12 and 13). This may be due to the fact that this 
posttest was very unstructured. It allowed participants in all groups to recall any word or 
definition that they may have remembered. As a result, it provided them with the freedom 
to report words or definitions that were not directly associated with each other.  
Table 14 below summarizes the mean number of words that were verbally 
reported correctly by the participants in the three treatment groups in the study. As seen 
in the table, the mean number of words accurately reported by the participants in the 
visual group was higher than both the mean number of words accurately reported by the 
sensory motor and control group participants.  
Table 14 - Mean Number of Words Verbally 




Verbal 4.29 2.312 17 
Sensory 
Motor 
4.75 2.817 16 
Visual 6.00 2.757 16 
Total 5.00 2.677 49 
  
However, an analysis of variance summarized in Table 15 below failed to find a 
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significant difference in mean number of words accurately reported among the three 
treatment groups. As can be seen in the table below, the independent variable of 
treatment failed to have a significant effect upon the dependent variable of words in this 
analysis at the .01 or .05 level of significance.  
Table 15 - Analysis of Variance of Number of Words Verbally Reported Correctly in the 











25.471a 2 12.735 1.839 .170 .074 
Intercept 1231.211 1 1231.211 177.80
4 
.000 .794 
Treatment 25.471 2 12.735 1.839 .170 .074 
Error 318.529 46 6.925    
Total 1569.000 49     
Corrected 
Total 
344.000 48     
aR Squared = .074 (Adjusted R Squared = .034) 
 
The same analyses were conducted for the number of definitions that were 
recalled by the participants in the free recall test and which received at least partial credit 
for accuracy. Table 16 below summarizes the mean number of definitions that were 
verbally reported, at least partially correctly, by the participants in the three treatment 
groups in the study. As seen in the table, the mean number of definitions reported by the 
participants in the visual group was once again higher than both the mean number of 
definitions reported by the sensory motor and control group participants. Also, it is 
interesting to note that the total average number of definitions reported was close to 4 
more than the total average number of words accurately reported by all participants in the 
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study. In general, the participants found it more difficult to recall the words themselves, 
as opposed to the definitions of these words.  
Table 16 - Mean Number of Definitions Verbally 




Verbal 8.24 1.751 17 
Sensory 
Motor 
8.25 2.113 16 
Visual 9.13 1.088 16 
Total 8.53 1.721 49 
 
 An analysis of variance summarized in Table 17 below also failed to find a 
significant difference in mean number of the definitions reported among the three 
treatment groups. As can be seen in the table below the independent variable of treatment 
failed to have a significant effect upon the dependent variable of definition in this 
analysis at the .01 or .05 level of significance.  
Table 17 - Analysis of Variance of Number of Definitions Verbally Reported in the Free 











8.395a 2 4.198 1.443 .247 .059 
Intercept 3568.026 1 3568.026 1226.5
95 
.000 .964 
Treatment 8.395 2 4.198 1.443 .247 .059 
Error 133.809 46 2.909    
Total 3708.000 49     
Corrected 
Total 
142.204 48     
a R Squared = .059 (Adjusted R Squared = .018) 
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The same analyses were conducted for the number of words and definitions 
together that were recalled by the participants in the free recall test (and when the 
definitions received at least partial credit for accuracy). Table 18 below summarizes the 
mean number of words and definitions that were verbally reported by the participants in 
the three treatment groups in the study. As seen in the table, the mean number of words 
and definitions reported together by the participants in the visual group was once again 
higher than both the mean number of words and definitions reported by the sensory motor 
and control group participants. Also, it is interesting to note that the total average number 
of words and definitions reported together was approximately the same as the total 
average number of words accurately reported by all participants in the study but 
approximately 4 less than the total average number of definitions that were recalled.  
Table 18 - Mean Number of Words and 





Verbal 3.53 2.004 17 
Sensory 
Motor 
4.50 3.183 16 
Visual 5.38 3.181 16 
Total 4.45 2.873 49 
An analysis of variance summarized in Table 19 below also failed to find a 
significant difference in the mean number of the words and definitions reported among 
the three treatment groups. As can be seen in the table below the independent variable of 
treatment failed to have a significant effect upon the dependent variable of words and 
definitions in this analysis at the .01 or .05 level of significance.  
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Table 19 - Analysis of Variance of Number of Words and Definitions Verbally Reported in 











28.137a 2 14.069 1.759 .184 .071 
Intercept 977.450 1 977.450 122.18
6 
.000 .726 
Treatment 28.137 2 14.069 1.759 .184 .071 
Error 367.985 46 8.000 




In the free recall test the maximum number of words that were identified by a 
study participant without them also providing the respective definitions of these words 
was 3; this occurred for only 3 of the participants. A total of 33 of the 49 participants did 
not provide any words without providing their definitions. The maximum number of 
definitions that were identified by a study participant without them also providing the 
respective words associated with these definitions was 10. This occurred for only one of 
the participants. However, several others identified numerous definitions without being 
able to provide the words that were associated with these definitions.  This is another 
indication that the participants overall found it much easier to learn and recall the 
definitions than the words themselves.  
Word recall posttest. The word recall posttest assessed the participants’ ability to 
recall the pronunciation of each of the pseudo words upon being read the definitions of 
aR Squared = .071 (Adjusted R Squared = .031) 
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the words. There were no significant differences between the mean word recall scores of 
participants in the three conditions on these measures (See Tables 12 and 13.). This may 
be due to the fact that during the study and test periods participants in all three conditions 
were repeatedly exposed to the pseudo words and their respective definitions and 
therefore had sufficient time to both learn and remember these associations. This was a 
particularly difficult task for participants in each of the groups as evidenced by the fact 
that these scores were the lowest among the posttest scores, ranging from means of 35% 
to 51% correct across conditions. The participants found it more difficult to remember the 
pseudo words when they were given their definitions than to recall the definitions when 
they were given the pseudo words. In the latter case, mean recall ranged from 71% to 
78% correct. 
Spelling posttest. In the spelling posttest, participants were asked to write out the 
spelling of each of the pseudo words after the researcher pronounced each word. There 
were no significant differences between the mean spelling test scores of participants in 
the three conditions on this measure (see Tables 12 and 13.). This may have been due to 
the fact that the participants in all of the groups were equally exposed to the spellings of 
each of the pseudo words, regardless of whether or not they were asked to produce 
imagery reports or repeat the definitions of the words three times. This was the second 
most difficult task for the participants in this study as evidenced by the fact that this 
posttest yielded the second lowest posttest scores among the participants, with means 
ranging from 58% to 69% across conditions. The participants could only get a 1 or a zero 
score for each of the items because they had to produce the exact spelling of the word to 
get any credit for the word.  
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Multiple-choice posttest. In the multiple-choice posttest, which was the last 
administered posttest, participants were asked to choose which of three target vocabulary 
words correctly filled in the blank space in ten separate sentences that were shown to 
them on index cards. The mean multiple-choice posttest scores for all three groups were 
the highest of all posttest scores and ranged between eight and nine words. Ceiling effects 
might have been observed on this multiple-choice task and there may have been no 
difference among the treatment groups because participants were exposed to the words 
and their definitions repeatedly during learning, this was the very last posttest, and this 
posttest followed many other posttests that gave students additional practice with word 
meanings.  This may explain why there were no significant differences between the mean 
multiple-choice posttest scores of the participants in the three groups. (see Tables 12 and 
13). 
Regardless of current vocabulary or reading ability, 25 of the 49 participants were 
still able to learn all of the 10 pseudo words, as evidenced by performance on the 
multiple-choice posttest, which was the last administered posttest.  A total of 83.7 percent 
of all of the participants (N=41) scored between 8 and 10 on the multiple-choice test. A 
total of 3 participants knew five or less of the pseudo words on the multiple-choice test; 
all of these participants had scored relatively low on the reading and vocabulary pretests.  
In contrast, a total of 18.8 percent of the participants (N=9) scored between 8 and 10 on 
the long-term recall test that took place approximately two weeks after the multiple-
choice posttest. 
Long-term recall test. In the long-term recall test, which was administered 
approximately two weeks following the administration of the study, the researcher asked 
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the participants in a telephone call to provide the definitions of each of the ten pseudo 
words that they had learned during the study. The mean performance scores were 
between 5 and 6 words across the three treatment groups.  There were no significant 
differences between the mean long-term recall test scores of the three groups. (see Tables 
12 and 13). Taking into consideration the passage of time and the possible interference 
effects upon memory, it was impressive that the participants were able to remember the 
definitions of so many of the words that they had been taught two weeks earlier.  
Imagery Productions  
 
The researcher counted the number of categories and features reported by each of 
the 32 participants in the sensory motor and visual conditions for each of the ten words 
during the first study trial. These counts were totaled and divided by 10 to yield a mean 
number of descriptors per word per participant. Then these mean counts were included in 
the SPSS (IBM, 2017) analysis to compare means across the three conditions.  
The mean number of categories and features in the mental imagery reports of 
participants in the sensory motor condition was significantly higher (p<.05) than the 
mean number of categories and features in the mental imagery reports of participants in 
the visual condition (see Tables 12 and 13). The numbers of features and categories 
reported included the sensory motor verbal references to visual, auditory, gustatory, 
tactile, olfactory, and kinesthetic features and the verbal references to visual features such 
as size, shape, color, luminance, action, and emotion. The number of categories and 
features reported varied from 7 to 25. Findings indicate that the task of imagining oneself 
interacting with a word promoted a significantly larger number of imagery connections, 
M = 15.62, than the task of making imagery connections from a distant perspective not 
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involving oneself, M = 10.85. Other contributing factors explaining this difference 
include the fact that there were many more possible categories and features to report in 
the sensory motor checklist than there were in the visual checklist and the fact that the 
training time of the sensory motor participants was significantly longer than the training 
time of the visual participants.  
In the checklist for counting the number of descriptors in the visual imagery 
reports during the first study trial, such word references as small, large, or tiny for size; 
circle, square, or triangle for shape; red, blue, or green, for color; dark, bright, or 
sparkling for luminance; running, jumping, or flying for action; or happy, sad, or angry 
for emotion were awarded points. These are examples of the types of responses that were 
scored and do not include all of the possible responses. 
In the checklist for counting the number of descriptors in the sensory motor 
imagery reports during the first study trial, such word references as large, green, or 
bright for visual; loud, soft, or crashing for auditory; bitter, sweet, or salty for gustatory; 
musty, rotting, or gaseous for olfactory; rough, smooth, or cold for tactile; or shaking, 
bouncing, or sliding for kinesthetic were awarded points. As above, these are examples of 
the types of responses that were scored and do not include all of the possible responses. 
For reliability purposes, a research assistant also calculated the quantity of the above 
mental imagery connections made by the participants in the sensory motor and visual 
treatment conditions based on the checklists discussed. Agreement was high as reported 
previously. 
Although the students produced imagery responses twice, only the responses 
produced in the first study trial were scored. The students were asked to elaborate on their 
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original imagery reports during the first trial. Often, the imagery responses were related 
in content to the earlier responses given. For many of the participants, the second round 
of imagery responses were less productive and shorter in length.  
Overall, the students in the sensory motor group created more imagery reports 
that were relatively longer. Whereas the sensory motor participants created 12 such 
detailed imagery reports that contained extensive narrative and several categories and 
features, the visual participants created only 5 such reports which were detailed in nature 
and included extensive narrative and several categories and features. In addition, the 
sensory motor participants created less imagery reports that were relatively short in 
length with little narrative and detail and relatively simple references to the categories 
and features. Whereas the sensory motor participants only created 4 such imagery reports, 
the visual participants created 11 such reports. Two explanations for this are the fact that 
the sensory motor participants had more potential categories to choose from in their 
checklists and they were creating imagery reports that included themselves in the reports, 
which made it more personal.  
In addition to these differences between the groups in terms of length and 
perspective, the imagery created by the students in both of the treatment conditions varied 
in many ways. Regarding the issue of length, some of the imagery responses in the 
sensory motor and visual treatment groups were impoverished in their content. This 
means that either the responses simply restated the definitions of the words or just 
included one or two words related to one or more of the features associated with the 
words without providing any elaboration about the imagery generated. For example, one 
of the participants in the sensory motor condition said only, “A wugger is a piano with 
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one single keyboard for making music.” On the other hand, a participant in the visual 
condition, in reference to the word “prulun” said, “It is a very big truck. It is like a 
rectangle. It is red. I see it driving.” 
Comparatively, other participants in the sensory motor and visual groups provided 
extremely rich imagery responses.  They could be described as rich imagery responses 
because they were comprised of stories which included several actions as well as several 
sensory motor or visual categories and features. For example, one of the participants in 
the sensory motor condition provided the following imagery in reference to the word, 
rittunjom. “I remember growing up. I wanted to have a dog. My mom said no. We lived 
in a tiny square apartment. I felt determined and kept asking. Eventually, we moved to a 
bigger house and we had a green yard and blue circular pool. My mom said “Yes” to get 
a ‘rittunjom.’ I felt like I was to the moon and back. I was thrilled. I went to the shelter. It 
was so loud from the barking. I could smell the stench of feces. I saw dogs that were 
beige, white, brown, and black. They were running, jumping, and barking. They were 
hiding. They were happy to see us. We picked one. It was a little brown puppy. It was 
hiding in the corner. It seemed the most sad and lonely. It was 3 years old. Its fur was 
smooth and not rough. He was happy all of the time. I regret nothing.” 
In addition, whereas some of the imagery responses of the sensory motor and 
visual participants were very concrete and literal, others were very creative and told a 
story. For example, one participant in the sensory motor condition said the following. 
“When I was ten, I volunteered to deliver letters house by house. My manager told us 
with a loud voice that I cannot go through the grass. He said that I had to walk past the 
grass. I answered okay. It was in Atlanta. Houses in Atlanta are like a big castle. It took 
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time to go to the next door if I did not walk over the grass. I had 200 letters to deliver. 
The letters were very heavy. I used my brain. I just ignored my manager, and I 
approached the grass. However, it was jickum. I did not know. I was running so fast. I 
slipped and fell down into the jickum. It got into my mouth. It tasted so bitter. I got hurt. I 
had a big scratch on my calf. Later, I got chastised. I wanted to say, “Excuse me’ but 
there was nothing I could be excused for. I just finished my work and got home fast.”   
Other responses of the sensory motor and visual participants were very emotional. 
For example, one of the visual participants said the following. “New York is a state 
known for tibbalin. When my friend was driving home it was very dark at 1 AM. He was 
in a car with bright yellow lights. He saw a deer shape in the middle of a road. He was 
very scared. He hit a big tibbalin. It had a very dark brown color. I had a gush of 
emotion. I stayed in the car. I looked at the tibbalin. I called 911 and my parents. I waited 
for the police car for help.” 
There were differences in the two different approaches utilized by the sensory 
motor and visual participants to generate mental images that related to the meanings of 
the words which they were being taught. Below are examples of such differences that 
demonstrate how sensory motor images included features that were lacking in the visual 
images. Note that whereas the visual examples only included features in the visual 
categories of size, shape, color, luminance, action, and emotion, the sensory motor 
examples included features in the sensory motor categories of sounds, tastes, smells, 
feelings of touch, and movements of the body as well as features in the visual categories. 
Below are examples of the narratives of participants with the sensory and visual features 
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aligned with the words in these narratives identified in the parentheses following these 
words. 
One of the sensory motor participants imagined that a prulun “is wide (size) and 
large (size) to carry heavy (size) loads. It is rectangular (shape) and square (shape). It has 
a dull (luminance) color. It is brown (color) and dark (luminance) blue (color). It is 
driving (action) and running (action). I am angry (emotion). I have been on the road for a 
long time. There is a crashing (sound) and banging (sound) sound due to the load in the 
back. There is a bitter (taste) taste in my mouth. The smell is musty (smell) or rotting 
(smell) depending on the load. The truck is smooth (touch) and cold (touch). I am 
bouncing (movements of the body).” In contrast, one of the visual participants imagined 
that a prulun “is a large (size) wide (size) truck. It has a rectangular (shape) shape. It has 
items inside. It has little (size) square (shape) boxes and circles (shape) inside. They are 
big (size) and small (size). It is a white (color) truck. It has on it the company’s lettering 
logo. It is red (color) and blue (color). It is very bright (luminance). It takes heavy (size) 
loads. It has stickers for safety. There is a sense of awe (emotion) because of its grandeur 
(size).” 
Imagining about a hettundut, a sensory motor participant reported “I am on a boat. 
It is loud (sound) sounding. I hear the crashing (sound) of the waves. I am frightened 
(emotion) and scared (emotion). I am relieved (emotion). The hettundut family of whales 
are large (size), long (size), blue (color), and white (color). They are jumping (action) and 
leaping (action). Everyone is happy (emotion) seeing the whales. The water is cold 
(touch) and salty (taste). It is splashing (action and sound) up. The waves (action and 
sound) are getting large (size). The boat is shaking (action). In contrast, a visual 
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participant reported “I see a vast (size) ocean. It is very light (luminance) blue (color). In 
it you can see five whales. This group of whales is called a hettundut. There are two large 
(size) gray (color) whales, one black (color) medium (size) whale, and two dark 
(luminance) blue (color) baby (size) whales. They are swimming (action) together 
causing waves (action). I see a smaller (size) group (hettundut) with two big (size) whales 
and one small (size) whale. The sun is sparkling (luminance) off their backs as they move 
(action) through the water. 
With the word nuppelin, a sensory motor participant reported “I am fixing 
(action) a roof. I have to climb (action) a very large (size) ladder. It is rectangular (shape) 
and brown (color). It is made out of wood. It is a sunny (luminance) day. I am scared 
(emotion) to go up. I hear a loud yell (sound) from my father to be careful. It has a floral 
aroma (smell). I climb (action) the ladder. It is rough (touch) on my hands. I shake 
(movement of the body) from fright (emotion). It is a tall (size) building.” In contrast, a 
visual participant reported “a very young (size) girl is climbing (action) a ladder that is 
resting on a house. She is trying to go (action) to the roof. It is blue (color), white (color), 
and red (color). It is tall (size). She looks eager (emotion). She wants to get a dog on the 
roof. It is bright (luminance) because the sun is out.” 
Correlations  
 
Pearson coefficients were calculated to examine correlations between the various 
pretest, learning and posttest measures. These included entry-level measures of word and 
nonword reading and vocabulary knowledge, definition recall and the number of mental 
imagery connections reported during the learning trials, the amount of training time, and 
performance on recall of vocabulary words, spellings and meanings on the posttests. 
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Table 20 – Correlations  
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Mean Score or Number of Minutes  36.6 12.2 13.9 3.9 6.5 6.2 4.4 6.4 7.5 8.8 13.2 48.6 5.4 
Number of Participants 49 49 49 49 49 49 49 49 49 49 32 47 48 
Standard Deviation 17.1 2.8 3.0 2.4 2.4 1.8 2.7 2.4 2.5 1.7 5.1 20.2 2.9 
*p < .05; **p < .01











 The correlations between pretest scores on the Nelson Denny vocabulary test and 
the Woodcock Word Identification and Word Attack subtests were   + 0.55 and +0.36, 
respectively. This suggests that the vocabulary and word reading tests depended on some 
of the same underlying knowledge or skills. For instance, word reading ability was 
required to read the vocabulary words and multiple choice responses on the Nelson 
Denny vocabulary test.  
Pretests and Vocabulary Outcomes  
 
The Nelson Denny vocabulary pretest was correlated significantly with one of the 
vocabulary learning measures, that involved recall of definitions during the first test trial, 
with r = .37.  Also, the Nelson Denny was correlated significantly with all six of the 
vocabulary learning immediate and delayed posttest measures (see Table 20). 
Correlations ranged from r = .42 to r = .55. The Woodcock word identification subtest 
was correlated significantly with four of the six posttest measures. Correlations ranged 
from r = .37 to r = .50. Across all measures, Nelson Denny vocabulary correlations were 
higher than word identification correlations, suggesting that vocabulary knowledge was a 
stronger predictor of vocabulary learning than word reading.  
Vocabulary Learning and Posttests  
 
Another more proximal predictor of posttest vocabulary learning was how well 
the words were learned during training. Following each of two word study periods where 
students either created images or rehearsed verbal definitions, students were tested on 
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their memory for meanings of the words. Correlations between their memory for 
meanings on definition recall Tests 1 and 2 and their memory for words or meanings on 
the posttests are shown in Table 20. It is apparent that all of the correlations were 
statistically significant and ranged from r = .37 to r = .69. These findings confirm that 
students who learned more definitions during training performed better on posttest 
measures of word and meaning recall.  
There was one vocabulary learning measure that was unrelated to any of the other 
pretest, training, or posttest measures. This was the number of imagery categories and 
features that students reported as they created either sensory motor or visual images 
elaborating the definitions of the words. Students who generated more lengthy and 
elaborate images did not learn the vocabulary words any better than students who 
generated more sparse images. Correlations ranged from r = .04 to r = .16, none 
significantly greater than zero (see Table 20). 
The mean amount of time spent during the vocabulary learning trials was 
measured. As reported above, more time was spent studying the vocabulary words in the 
sensory motor condition than in the visual condition, and in turn more time in the visual 
condition than in the verbal condition. As evident in Table 20, time was significantly 
correlated with the number of categories and features that were reported describing 
images, r = .54, and the number of definitions that were recalled during the first test trial, 
r = .29. However, time was not significantly correlated with any of the pretests or posttest 
scores. Results reveal that longer training times resulted from students producing longer 
descriptions of their images. Although the correlation between training time and 
definition recall during the first test trial was significant, results of the ANOVA favoring 
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the sensory motor and visual groups over the verbal group on this measure fell short of 
significance, p = .10 (see Table 11).  
Vocabulary Posttests  
 
Several posttests were administered to assess different aspects of what students 
learned about the vocabulary words and their meanings during training. These included 
memory for pronunciations of words, their spellings, paraphrased meanings, and their 
definitions measured immediately and after a two-week delay. From Table 20, it is 
apparent that all of these measures were significantly related, with correlations ranging 
from r = .48 to r = .83. These findings indicate that all of the posttests functioned as 
effective measures of vocabulary knowledge that students acquired during learning.  
Whereas the other posttests assessed memory for pronunciations or meanings of 
the vocabulary words, the spelling posttest required students to recall perfect spellings. 
This aspect of vocabulary learning was not explicitly taught. Nevertheless, students on 
average recalled 58% to 69% of the spellings across conditions. Spelling recall was 
significantly correlated with the Nelson Denny pretest, both definition recall scores 
during training, and all of the other posttests, ranging from r = .37 to r = .67. This 
suggests that learning spellings of the words was a central part of vocabulary learning. 
Noteworthy Correlations  
 
Several especially high correlations were found, between the first and second 
definition recall trial scores (r=.76), the first definition recall trial and the meaning 
posttest scores (r=.51), and between the second definition trial and the meaning posttest 
scores (r=.55). These significant correlations were due to the fact that all of these tests 
were assessing the ability of the participants to recall the correct meanings of the words 
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taught to them during the study. In addition, the correlations between the first and second 
definition recall trial scores and the free-recall, word recall, spelling, meaning, multiple-
choice, and long-term recall test scores were in the moderate to high range. This resulted 
from the fact that these tests were assessing the ability of the participants to learn and 
recall the spelling, pronunciation, and meanings of these words.  
The correlation between the meaning posttest and the multiple-choice posttest was 
high (r=.78) and significant because both of these tests were administered at the end of 
the study after the participants had been repeatedly exposed to the words and their 
definitions and had been given substantial time to study and learn these meanings. In 
addition, the multiple-choice test was a multiple-choice recognition test that allowed the 
participants to choose the correct word from a list of three possible choices that made it 
even more likely that their performance would match the relatively high level they had 
already obtained in the meaning posttest. 
It is important to note that the correlations between the free recall posttest and the 
definition recall tests in Trials 2 and 3, the word recall posttest, the spelling posttest, the 
meaning posttest, and the multiple-choice posttest were high. This indicated that the 
ability of the participants to freely recall the pronunciations and meanings of the words 
separate from each other was significantly correlated with their ability to pair the words 
and their definitions, pronounce the words, and spell the words. Furthermore, the 
correlations between the long-term recall test and all of these other tests were high. This 
demonstrated that much of what was learned during the study was recalled approximately 
two weeks later in time.  
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The low correlations between the quantitative count of the mental imagery reports 
and the Nelson Denny vocabulary, Woodcock word identification, and Woodcock word 
attack scores indicated the lack of commonality of abilities being assessed in the mental 
imagery reports and the vocabulary and reading pretests.  It also demonstrated how the 
initial vocabulary and reading skills of the participants were not related to the 
instructional treatment being administered to the sensory motor and visual participants. 
This further reinforced the results of the analysis of variance (ANOVA) that showed that 
each of the three pretests scores were not significantly different among the participants in 
the three different treatment groups ruling out the possibility that they could be viewed as 
confounding factors in this study.  
Another finding in the correlational analysis that is consistent with a finding in the 
analysis of variance is that the correlations between the quantitative count of mental 
imagery reports and the definition recall tests in Trials 2 and 3, the free recall posttest, the 
word recall posttest, the spelling posttest, the meaning posttest, the multiple-choice 
posttest, and the long-term recall tests were all low and not significant. As noted earlier, 
the independent treatment variable of instructional method did not have a significant 
effect upon the results of this study. As with the Nelson Denny vocabulary test and the 
two Woodcock reading tests, no significant correlations were found between the 
quantitative counts of the categories and features in the mental imagery reports and the 
scores on the two trial definition recall tests, the five posttest scores, or the long-term 
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Regression Analyses  
 
Hierarchical stepwise linear regression analyses were conducted. One question 
addressed was whether students’ pre-existing vocabulary knowledge and word reading 
abilities explained significant variance in their success learning definitions of words 
during the vocabulary training trials. The second question was whether these entry level 
abilities explained additional variance on the posttests beyond that explained by the 
effects of vocabulary learning. The measures of vocabulary learning were students’ recall 
of definitions on the first and second test trials. Results of the regression analyses are 
reported in Table 21. 
Table 21 - Model Summary of Hierarchical Stepwise Regression Analyses Displaying 
Significant Unique Pretest and Training Predictors of Performance on the Posttest 
Measures  
________________________________________________________________________ 
Steps, Predictors Beta   R2 R2 Change F Change   df  Sig. F Change  
 
Outcome: Defin. Recall Test Trial 1a 
   1.  ND Vocab .371 .138 .138  7.52  1,47 .009 
Outcome: Defin. Recall Test Trial 2a 
   (No significant pretest predictors)        
Outcome: Imagery Reportsa 
    (No significant pretest predictors) 
Outcome: Free Recall Posttestb 
   1. Defin Recall T1 .474 .366 .366  27.08  1,47 .001 
   2. ND Vocab .351 .472 .106  9.23  1,46 .004 
Outcome: Word Recall Posttestb 
   1. Defin Recall T1 .536 .348 .348  25.14  1,47 .001 
   2. Wood Word ID .293 .432 .083    6.73  1,46 .013 
Outcome: Spelling Words Posttestb 
   1. Defin Recall T1 .277 .157 .157    8.77  1,47 .005 
   2. Word Attack  .389 .398 .241  18.44  1,46 .001  
   3. ND Vocab .292 .461 .063    5.24  1,45 .027  
   2. ND Vocab .292 .332 .175  12.03  1,46 .001 
   3. Word Attack  .389 .461 .129  10.79  1,45 .002 
Outcome: Meaning Recall Posttestb 
   1. Defin Recall T2 .450 .307 .307  20.79  1,47 .001  
   2. ND Vocab .377 .438 .131  10.75  1,46 .002 
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Outcome: Multiple Choice Meaning Recognition Posttestb 
   1. Defin Recall T2 .328 .207 .207  12.27  1,47 .001 
   2. ND Vocab .460 .403 .196  15.07  1,46 .001 
Outcome: Long Term Definition Recall Posttestb 
   1. Defin Recall T2 .584 .446 .446  36.99  1,46 .001 
   2. ND Vocab .282 .518 .072    6.76  1,45 .013 
________________________________________________________________________ 
Note. Standardized Beta is reported. Steps indicate order of forced entry into the 
regression analysis. Non-significant predictors were excluded from model. ND Vocab = 
Nelson Denny Vocabulary pretest; Wood Word ID = Woodcock Word Reading pretest; 
Word Attack = Woodcock Word Attack pretest; Defin Recall T1 = Definition recall test 
on Trial 1 during learning; Defin Recall T2 = Definition recall test on Trial 2 during 
learning. 
aPredictors tested were pretests: ND Vocab, Wood Word ID, Word Attack 
bPredictors tested were Step 1: Defin Recall T1, Defin Recall T2; Step 2: pretests. 
 
 Students were taught the vocabulary words during alternating study and test trials. 
Their memory for definitions of the words was tested twice. Scores on each test trial 
served as the outcome in a regression analysis. The three pretests were entered as 
predictors. Results shown in Table 21 reveal that only the Nelson Denny vocabulary 
pretest explained significant variance in recalling definitions on Test Trial 1, r2 = 14%. 
None of the pretests explained significant variance on Test Trial 2. During the study 
periods, students in the imagery conditions reported either sensory motor or visual 
images for each word. Mental imagery scores served as the outcome variable in a 
regression analysis. However, none of the pretests explained any variance on this 
measure. 
 In the regression analyses of posttest outcomes, performance recalling definitions 
during the first and second test trials of learning was entered first. From Table 21, it is 
apparent that either definition recall during Test 1 or Test 2 explained significant variance 
across all of the posttests, ranging from r2 = 16% to r2 = 45%. This confirms that effects 
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of vocabulary training on these unfamiliar words was reflected in all of the posttest 
scores. 
 To determine whether pretest vocabulary knowledge and word reading abilities 
explained additional significant variance beyond that explained by vocabulary training 
effects, pretest scores were entered as a second step in the regression analyses. Only the 
Nelson Denny vocabulary pretest was a significant predictor on four of the posttests, 
three that measured students recall of word meanings (i.e., meaning recall, multiple 
choice recognition, and long-term definition recall), and one measuring free recall of 
either words or meanings (see Table 21). In contrast, only the Woodcock Word 
Identification pretest explained significant additional variance on the word recall posttest.  
 The spelling posttest proved an exception. Both the Woodcock Word Attack 
(nonword decoding) pretest and the Nelson Denny Vocabulary test were significant 
unique predictors after vocabulary learning scores had been entered. As shown in Table 
21, they both explained significant additional variance in Step 3 after the other variables 
had been entered. This suggests that both more extensive vocabulary knowledge and 
superior word decoding ability contributed to students’ memory for spellings of the 
vocabulary words they were taught. 
 Some words of caution are needed in interpreting these correlational findings. All 
of the pretests were significantly correlated, so there was shared variance among the 
measures. Even though one measure dominated as the significant predictor, the other 
measures were not necessarily uninvolved. Also, correlation does not mean causation. 
Whether pretest knowledge and abilities enhanced students’ vocabulary learning and 
recall remains tenuous in need of experimental support. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 141 
Supplementary Analysis: Analysis of Covariance  
 
 Since one can increase power by conducting analyses of covariance when a 
pretest explains significant variance on a dependent outcome variable, a supplementary 
analysis was conducted. ANCOVAs were applied to the dependent measures assessed 
during training and on posttests. Covariates were determined by results of the hierarchical 
stepwise linear regression analyses. Table 21 shows which pretests explained significant 
additional variance beyond that explained by the training conditions on the dependent 
variables. The covariates were either the Nelson Denny Vocabulary, the Woodcock Word 
Identification, or the Woodcock Word Attack tests. The independent variable was 
treatment condition, and the dependent variables were training and posttest assessments. 
Results replicated findings of the ANOVAs shown in Tables 9, 11, and 13 on all 
but one measure. The main effects of treatment remained non-significant (p’s > .05) on 
all but the measure of recall of definitions on the first test trial during training where a 
significant main effect of treatment was detected. Results are shown in Table 22. 
Application of the Bonferroni adjustment for multiple comparisons revealed that students 
in both the sensory motor and the visual treatment conditions recalled more definitions 
than students in the verbal control condition when scores were adjusted for entry level 
performance on the Nelson Denny vocabulary test. However, on the second test trial 
during training, the verbal group caught up in their definition recall and no differences 
were found (p = .26). Also, the three treatment groups did not differ on any of the 
posttests. 
This finding provides partial support for the second hypothesis proposed in this 
dissertation study, namely that the students in both the sensory motor and visual 
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conditions, who were instructed to report on mental images that they generated about the 
word definitions, would be better able to learn the meanings of words than students in the 
verbal control condition who were simply given meanings of these words to learn. 
However, the advantage did not last. The treatment groups did not differ on subsequent 
training and posttest measures of vocabulary learning. These findings provide some 
support for the greater effectiveness of the sensory motor and visual imagery conditions 
in learning definitions of the words early during training.  
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Table 22 - Adjusted Means, SDs and ANCOVA Test Statistics with the Nelson Denny 
Vocabulary Pretest as the Covariate, Treatment Group as the Independent Variable, 
and Definition Recall During the First Test Trial of Training as the Dependent Variable  
_______________________________________________________________________ 
   Adjusted Mean   F-stat (df) Sig. Partial 
   Mean (SD) Square     Eta Squared 
_______________________________________________________________________ 
Treatment Group   19.60  4.65 (2,45) .015 .171   
     Sensory Motor 4.45 (2.5)         
     Visual  4.59 (2.4)        
     Verbal  2.64 (1.8)        
Covariate 
     Vocabulary    40.51  9.62 (1,45) .003 .176  
Error       4.21 
______________________________________________________________________ 
Note. N = 16 (SM), N = 16 (Vis), N = 17 (Verb). Bonferroni adjustment for multiple 
comparisons: SM > Verb at p = .045; Vis > Verb at p = .028. 
Posttest Interview Responses  
At the end of the study, the researcher asked participants in each of the groups to 
describe what methods they used when attempting to learn and remember the vocabulary 
words that were presented to them (see Appendix D). This was used as a fidelity check. 
In this way, the researcher was able to determine whether or not the participants believed 
that the intervention method to which they were assigned was helpful and whether they 
used other strategies to help them remember the vocabulary words. This provided a sense 
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of what the students believed worked best for them in terms of memorization and 
learning.  
Table 23 summarizes the specific methods the participants in the three treatment 
groups used to learn and remember the vocabulary words they were taught. A method 
reported by a participant was counted as an imagery method if they imagined that they 
were there with the thing or entity named by the pseudo word and that they and their 
various senses (i.e., feeling touching, smelling, tasting, seeing, or hearing) were 
interacting with the word or that they imagined they were viewing a movie and 
identifying visual features involving the pseudo word including its color, shape, size, 
luminance, action, or emotion. The method of visualization was different in that 
participants utilizing this method visualized the look of the letters and the word itself in 
order to help them remember the word and its meaning. Word breakdown referred to 
when the participants broke a word down into its parts such as letters, syllables, and 
phonemes and used this to help them remember the word as a whole. Word and letter 
associations occurred when participants associated the letters of a word or the word itself 
with other letters or words to help them remember the original word and its definition. 
Repetition involved rehearsal of the word and its meaning either out loud or internally to 
help students remember the word and its meaning. Finally, some students associated the 
word they were learning with a certain sound, feeling, or color and this helped them to 
remember the word and its meaning. 
 The numbers in Table 23 represent the total number of times that these strategies 
were expressed. Each of the percentages represent the percentage of the combined total of 
all of the methods reported by all of the participants in each of the treatment groups. 
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These numbers could not have been inflated by one or two participants referring to that 
strategy more than once or even several times. Each specific strategy mentioned by a 
participant was only counted once in the calculation of these numbers. It is important to 
note that students in the verbal condition reported many more strategies than students in 
the sensory and motor conditions. This may have occurred because after doing poorly on 
the first definition recall test during the learning trials, they realized that they needed to 
do more to learn the vocabulary words than just repeat definitions. Hence other memory 
strategies were invoked.  
Table 23 - Summary of Methods Used by Study Participants to Learn and Remember 
Vocabulary Words  
 
Methods Used to Learn and Remember Vocabulary Words 




Repetition Visualization Sound/Feeling/ 















































 As can be seen in Table 23, the largest percentage of methods used by the sensory 
motor (33.3%) and visual (32.4%) participants was imagery. The next largest percentage 
of methods for the sensory motor and visual participants was repetition at 22.2% and 
23.5%, respectively. In contrast, the largest percentage of methods used by the verbal 
participants was word and letter associations at 36.2%. The next largest percentages of 
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methods used by the verbal participants were repetition at 20.7% and imagery at 17.2%. 
As can be seen by the numbers in this table, the three treatment groups did not limit their 
strategies for learning and remembering the vocabulary words to the techniques which 
were taught and reinforced during the dissertation study.  
While several of the participants in the sensory motor group indicated that 
forming sensory motor images helped them to learn and remember the vocabulary words 
that were presented to them, several sensory motor participants also said that they used 
various other mnemonic methods that were helpful. These included the breaking down of 
words into letters and syllables, word associations, letter associations, rehearsal, and 
repetition.  
Sensory motor group. With regard to sensory motor imagery, one participant in 
the sensory motor group indicated that she created as many sensory motor images as she 
could use and that this helped her to remember many of the definitions. Another 
participant said that he tried to use his senses such as smell and to bring out his emotions 
to remember the words. He said that this was helpful to him and that this method could 
help him to remember biological jargon and complex words in his courses. Another 
sensory motor participant indicated that the sensory motor technique was helpful to her. 
She said that this put scenarios in her mind. She also said that she did not know that she 
could learn words through images in her head. One other participant said that he tried to 
relate the words and their meanings to things that he knew such as personal experiences. 
Another participant in this group said that using sensory motor imagery was very helpful 
because she used sizes, color, feelings, movements, and tactile experiences to help her 
recall the words.  
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 Participants in the sensory motor group also indicated that they used other 
methods to help them learn and remember the words and their definitions. One 
participant said that she thought about the words themselves. She could associate 
meanings with words but had difficulty when given meanings and asked to provide the 
words associated with those meanings. Another participant said that it helped a lot to 
visualize a word and its meaning. She made associations between a word and its 
meaning. Another participant said that she associated words with words that she already 
knew. For example, she thought that “nuppelin” was close to “nipple” and “zoggen” 
was close to noggin. She said that this was helpful with the definitions but not the words. 
One other participant said that she broke down each word and related it to something that 
she knew or something that would help her to remember the word. For instance, with 
“zoggen”, she thought of “z” and “zootopia”. With “zoggen”, she thought of “gen”, 
“baby Jen”, and “baby food”. It helped her to remember a lot with the definitions but not 
the words. Another participant said that she remembered the first four letters of words or 
the last parts of words. Several participants said that repetition or rehearsal of the words 
and definitions helped them out a lot. One person said that he repeated the word in his 
mind and then tried to form an image. 
Visual group. Similar to the participants in the sensory motor group, several of the 
participants in the visual group indicated that forming visual images helped them to learn 
and remember the vocabulary words that were presented to them. Several participants 
also said that they used various other mnemonic methods that were helpful to them. 
These included thinking of the sound and feeling of the words, identifying when a word 
had two of the same letters together, reading words and their definitions over and over 
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again, repetition, associating the words with other words, and making associations with 
prior memories.   
With regard to visual imagery, one participant in the visual group said that visual 
images were very helpful. She said that creating images and seeing action helped her to 
visualize the meanings of the words. Another participant said that visual imagery helped 
a lot particularly when he was able to connect sounds of words with his movie. Another 
participant said that she repeated words and associated them with visual images of certain 
things. One other participant associated “tibbalin” with a person he did not like in Harry 
Potter and the Deadly Hallows. Another participant thought of the last three letters in 
“liggenwal” and imagined a person punching a wall. This helped her out a lot. Another 
participant said that visual imagery helped out but that she got distracted because she was 
busy trying to check off the categories and features in the visual checklist.  
Participants in the visual group also indicated that they used other methods to help 
them learn and remember the words and their definitions. One participant thought that 
“zoggen” was a nasty word because it referred to something that was mushy and soggy. 
She also first remembered that it had a “double g” in the middle. In addition, she thought 
that a “wugger” was a weird name from the Renaissance, a “gadle” sounded like a 
“ladle”, and “jickum” sounded yucky and gummy. Another participant said that she read 
the definitions over and over again. One other participant said that she tried to identify 
other words that the words sounded like. For instance, she thought that “nuppelin” 
sounded like “climbing”. She associated “nuggling” with “climbing”. She also 
associated the word “hettundut” with “thunder”. Another participant tried to use the 
words as many times as possible in her imagery reports. One other participant reiterated 
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the definitions of words in her stories. This helped her out a lot. Before telling the stories, 
she repeated the words and the definitions to herself. Another participant tried to think of 
a picture in her mind from childhood. She could associate the words with a memory of 
her house or of a friend. This was the most effective method for her. One other 
participant said that visual imagery did not help him. He said that repetition helped in bits 
and pieces for the definitions but not the words. He indicated that it would have helped if 
they were real words because then he would have been familiar with certain roots, 
prefixes, or suffixes.  
Verbal group. With regard to the verbal group participants who were instructed to 
repeat the words and their definitions three times, in addition to repetition many 
participants said that they also used imagery techniques that they were not instructed to 
use. They also considered the sounds of words, double letters in the middle of words, the 
letters in words, word associations, and the breaking down of words.  
Many of the verbal participants said that it was helpful to repeat words and their 
definitions three times but only to a certain extent. One participant said that repeating the 
words and their definitions three times was somewhat helpful. Repetition was key but 
three times was not enough. Another person said that the best method was pronouncing 
the word three times but added that after the first two or three words she got confused. 
One other participant said that repeating was helpful, but it was difficult to remember the 
words once more words were added. Repeating to her was moderately helpful. Another 
participant said that repeating was not effective the first time around because she forgot 
everything. The second time she remembered a little better and she remembered the most 
during the recall test. Overall, she said that it helped out a lot. One other participant said 
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that the best method was pronouncing the word and saying it three times. Another 
participant said that no matter how many times she repeated the words and their 
definitions, it was still easy to confuse the words with each other. One other participant 
said that it was helpful to repeat. The use of flashcards was helpful. It helped her to repeat 
things over and over again when she studied. One other participant said that repeating the 
definitions was very helpful (9/10 level of helpfulness).  
As mentioned above, many verbal participants used imagery techniques to help 
them remember the words and their definitions. One participant used a visual 
representation. For instance, with “gadle” he visualized a “mouse”. Another participant 
imagined a picture of mushy food and related it to the word “zoggen”. One other 
participant tried to create an image in her head, but it did not last long. Another 
participant tried to visualize the spelling of the words. Certain spellings of the words 
reminded her of things. For example, “prulun” reminded her of “pullman” in Italian 
which is a big, tall bus. Another participant imagined that she had a pet mouse and named 
it “gadle”. With “jickum”, another participant imagined walking through the mud. With 
“zoggen”, she imagined the taste of food and how it felt in her mouth. She tried to get a 
visual picture of the word and connect it with a visual picture of the letter. She imagined 
that she saw the background of what the item was sitting in. She could successfully attach 
imagery and meaning to small words that could be related to existing words, syllables, 
prefixes, or suffixes.  
The participants in the verbal group also used other techniques to learn and 
remember the words and their definitions. One participant tried to associate how words 
sounded in relationship with their meanings. For instance, both “zoggen” and “wugger” 
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sounded soft. This worked from word to meaning but not meaning to word. With 
“zoggen”, another participant thought of the word “zeiger” and associated the letter “z” 
with “zygote”. He also thought of a large “L” to help him remember the heavy loads of a 
“prulun”. In addition, he rehearsed pronunciations in his head three to four times. With 
“liggenwal”, he thought of two “g’s” to relate to the “liggenwal” being mean to two 
things (people and animals). Another participant used word associations. For example, 
with “tibbalin”, he linked the word with “timber woods”. “Woods” were a part of the 
definition of “tibbalin”. One other participant said that it helped to think of similar words 
in sound and meaning. She indicated that this helped with spelling and pronunciation. 
Another participant repeated the words in her head and tried to picture them. This helped 
her 50 percent of the time. She also remembered the first letters of the words and the tone 
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Chapter 6: Discussion 
 
Hypotheses Tested  
 
Based on the results of the pilot study, five hypotheses were tested in the current 
study. First, it was hypothesized that sensory motor images elaborating the meanings of 
words would produce better memory for the words and their meanings than visual 
images.  More specifically, college students who were given meanings and instructed to 
utilize the meanings to imagine sensory motor features (i.e., auditory, visual, textual, 
olfactory, gustatory, and kinesthetic images) would learn the meanings, pronunciations, 
and spellings of pseudo words better than students who were given meanings and 
instructed to utilize the meanings to imagine visual features. The results failed to support 
this hypothesis. Analyses of variance demonstrated significantly higher scores of the 
sensory motor treatment group upon the quantitative imagery ratings measured during 
training and the treatment time during training but not on any other dependent outcome 
measures compared to the visual treatment group. In addition, although students in the 
sensory motor condition reported more imagery categories and features, correlational 
analyses revealed no statistically significant relationships between mental imagery scores 
and any pretests, vocabulary training recall tests, or vocabulary posttest measures. These 
findings indicate that having students construct sensory motor images did not exert any 
significant effect on their vocabulary learning. 
In the dissertation study, the sensory motor (SM) group produced significantly 
more images on average than the visual group as indicated by the mean number of 
categories and features reported, and also, they took more time than the visual group 
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during training to report their images to the researcher. However, the two groups did not 
differ significantly in the definition recall trials during learning or in the definition recall 
posttest. Also, the two groups did not differ on the other posttests which assessed recall 
of the vocabulary words and their definitions, their spellings, an understanding of the 
meanings of the words in a multiple-choice test or in a long-term recall test two weeks 
following the study. This indicates that more extensive imaging did not produce better 
vocabulary learning. 
Second, it was hypothesized that the students in both the sensory motor and visual 
conditions would learn the meanings, pronunciations, and spellings of words better than 
students in the verbal rehearsal condition who were simply given definitions of the words 
to rehearse.  This was based on the advantage that mental images were expected to 
provide in learning vocabulary words. An alternative hypothesis was that the students in 
the verbal control condition would do better than the students in the imagery conditions 
because they were focused on the task targeted in the experiment, that of memorizing the 
vocabulary words and their meanings.  
The second hypothesis received limited support. The analysis of covariance 
revealed that the two imagery groups recalled more definitions on the first test trial 
during training than the verbal group. However, on the second test trial during training 
and on all the posttests measuring vocabulary learning, the three groups did not differ.  
A plausible explanation can be offered regarding the difference in definition 
learning favoring the imagery groups over the verbal group early during training. Perhaps 
the one advantage of the imagery training in the sensory motor and visual groups was to 
enable the participants in those groups to better distinguish among the words after the 
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first study period. This may have been the result of more time spent studying the words 
and their definitions. However the verbal group caught up after two study periods. 
Following a poor showing on the first test, the verbal participants significantly increased 
their scores on the second test. As suggested by Table 23, they realized that they had not 
recalled many definitions, so they recruited other strategies to boost their memory for the 
words.  This is shown by the greater number of strategies they reported using than 
students in the other groups in Table 23.  
The verbal group took less time during training to rehearse words and definitions 
than did the other groups who were forming and reporting on mental images about the 
words and their definitions. The fact that recall posttests followed the end of training 
more closely in the verbal condition than in the other conditions may have boosted 
posttest scores in the verbal group to the level of the imagery groups. Third, it was 
hypothesized that students’ prior vocabulary knowledge, word reading ability, and word 
decoding ability would predict their learning and memory for the vocabulary words. This 
hypothesis was based on the fact that vocabulary knowledge and reading ability are 
important antecedents for word learning.  
Correlation and regression analyses provided evidence for this hypothesis. Scores 
on the Nelson Denny vocabulary test, the Woodcock Word Identification test, and the 
Woodcock Word Attack test were significantly correlated with many of the vocabulary 
learning measures. As evident in Table 20, Nelson Denny vocabulary test scores were 
significantly correlated with the first definition recall test during training, the free recall 
posttest, the word recall posttest, and the spelling, meaning, multiple-choice, and long-
term recall posttests, with r’s ranging from .37 to .55. Woodcock Word Identification 
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scores were significantly correlated with the word recall, spelling, and multiple-choice 
posttests, with r’s ranging from .40 to .50. Woodcock Word Attack test scores were 
significantly correlated with the free recall and spelling posttests, with r’s ranging from 
.30 to .50.  
Results of stepwise regression analyses revealed which of the pretests explained 
significant additional variance beyond that explained by students’ vocabulary training 
experience. As evident in Table 21, the Nelson Denny vocabulary pretest was a 
significant unique predictor on all of the posttests but the word recall posttest. It 
explained additional variance ranging from 7% to 20%. Also, the Nelson Denny 
vocabulary pretest explained significant variance in recalling definitions during the first 
training trial. These findings suggest that students’ prior vocabulary knowledge and/or 
their vocabulary learning ability contributed to their ability to learn the meanings and 
spellings of the pseudo vocabulary words taught in this study.  
Students’ prior word reading and decoding abilities also explained unique 
variance on posttests assessing word knowledge (see Table 21). On the word recall 
posttest, Woodcock Word Identification test scores explained 8% additional variance 
beyond that explained by word training. On the spelling recall posttest, the Woodcock 
word attack retest explained an additional 13% of the variance beyond that explained by 
word training and the Nelson Denny vocabulary pretest. 
It is noteworthy that spelling memory was found to be strongly related to 
vocabulary learning. Although students were told that they should learn spellings as well 
as pronunciations and meanings of words, they did not practice writing the spellings. As 
evident in Table 20, posttest spelling recall was significantly correlated with both of the 
The Effects of Multisensory Imagery on Vocabulary Learning 
 156 
definition recall test trials during training and all of the vocabulary posttest measures, 
with r’s ranging from .37 to .67. Also, the Nelson Denny vocabulary pretest explained 
significant additional variance beyond the contribution of training. In a study with college 
students, Ocal and Ehri (2017) found similar results. A composite measure of vocabulary 
knowledge that included both written and spoken tests explained significant variance in 
spelling ability, more so than that explained by decoding ability. Colenbrander, Miles, 
and Ricketts (2019) review research showing that when spellings of words are shown 
during vocabulary instruction, children and adults are better able to remember 
phonological and semantic information than when words are taught without their 
orthographic forms. Many studies have shown that students remember the pronunciations 
and meanings of vocabulary words better when they are shown spellings of the words 
during learning. The involvement of spelling in vocabulary learning merits greater 
attention.  
The finding that spelling memory was strongly correlated with other vocabulary 
measures may be explained by the findings reported in Table 23 regarding the different 
methods that students reported using in the three treatment conditions. Methods that were 
heavily dependent upon the students’ recall of the pseudo words’ spellings included the 
breakdown of words into their respective letters, syllables, and phonemes; the association 
of the words and their letters with other words and their letters, and the actual 
visualization of the words themselves and the letters that make up the words. Therefore, 
the evidence from Table 23 indicates that students reported using characteristics of 
spelling to learn the words and their meanings.  
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Fourth, it was hypothesized that students in both imagery conditions would recall 
meanings of the words better after two weeks than students in the verbal meaning 
rehearsal condition. However, the analysis of variance in the current study did not show 
any significant differences between the three treatment groups in their performance on 
the long-term recall test of meanings. Comparison of memory loss from the immediate to 
the delayed posttest two weeks later revealed slippage of 1.8 to 2.5 vocabulary words on 
average across treatment groups. 
 Fifth, based on the pilot study results, it was hypothesized that the number of 
mental images generated by the students in the visual and sensory motor groups would 
exert a significant effect upon their memory for these words and their meanings. 
Specifically, the greater the number of images generated, the better their memory for the 
words. However, the correlational analysis did not show any support for this hypothesis. 
No significant correlations were found between the number of quantitative images and 
any of the training or outcome measures except for training time.  
Relationship to Theories   
 
Findings of this study support Sadoski and Paivio’s (2001) dual coding theory that 
draws a distinction between the verbal memory system and the nonverbal memory 
system. Sadoski and Paivio (2013) acknowledge the importance of mental sensorimotor 
modalities that include the visual, auditory, haptic, gustatory, and olfactory senses as well 
as the verbal memory system that involves text. As evidenced by the increase in mean 
scores from the definition recall test in trial 1 to the definition recall test in trial 2, the 
high mean scores of 8 or 9 (10 maximum) on the multiple-choice posttest, and the 
significance of the trials variable in the analysis of variance, the results of this study 
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demonstrate the effectiveness of the sensory motor, visual, and verbal methods of 
instruction.  
Students’ successful performance on the multiple-choice test is noteworthy given 
that they needed to apply their knowledge of the definitions of the pseudo words on this 
posttest rather than just demonstrate their rote memory recognition of the definitions. The 
inclusion of distractors in the multiple-choice items which were the correct answers for 
other pseudo words increased the possibility that a student might confuse the meaning of 
one word with the meanings of other words in the test and this made the posttest a more 
sensitive test of the student’s understanding of the word meanings.  
 The lack of relationship between the quantitative measures of imagery reports 
made by the sensory motor and visual participants and all of the vocabulary learning 
measures in this study can be explained by the fact that the sensory motor and visual 
participants as well as the verbal participants did not just limit the methods that they used 
to learn and recall the pseudo words to the methods they were taught in their respective 
groups. Based on the results of the fidelity check conducted during the posttest interview, 
many participants in the two imagery groups used methods also used by the participants 
in the verbal group and many participants in the verbal group used methods used by 
participants in the sensory motor and visual groups.  
 In the posttest interview, several participants in the sensory motor group said that 
they used various other mnemonic methods to learn and remember the words including 
breaking down the words into letters and syllables, forming word associations, making 
letter associations, rehearsing the words, and repeating the words. Similar to the 
participants in the sensory motor group, several of the participants in the visual group 
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said that they used mnemonic methods that were helpful to them including thinking of the 
sound and feeling of the words, identifying when a word had two of the same letters 
together, reading words and their definitions over and over again, repetition, associating 
the words with other words, and making associations with prior memories. In fact, one 
participant in the visual group said that she got distracted because she was trying to check 
off the categories and features in the checklist. In addition, several verbal participants 
said that they also used imagery techniques that they were not instructed to use including 
considering the sounds of words, identifying certain letters in the words, focusing on 
double letters in the middle of words, making associations between words, and breaking 
down of the words.  
Participants in the verbal control group were instructed to repeat the definitions of 
new words in order to learn and remember the meanings of the pseudo words. These 
participants were utilizing a verbal coding method of learning according to the Sadoski 
(2006) model. Participants in the visual group were instructed to learn and remember 
these words through a visual imagery technique in which they formed visual images of 
the meanings of the pseudo words; they were asked to imagine that they were watching a 
movie about the meaning of each of these words. They were instructed to report what was 
happening to the word and what specifically they were seeing. Participants in the sensory 
motor group were instructed to learn and remember these words through a sensory motor 
imagery technique in which they formed a sensory motor image of the unfamiliar word; 
they were asked to imagine that they were an actor in a movie about the meaning of the 
word. They were instructed to report what was happening between them and the word’s 
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meaning in the movie and how they were interacting with the word through their different 
senses. 
This study also provided support for Heilman, Blair, and Rupley’s (1990) 
multisensory approach to vocabulary instruction. They assert that word knowledge is 
stored in many forms including mental pictures, kinesthetic associations, smells and 
tastes. It also supported Birsh’s (2007) proposition that the purpose of multisensory 
teaching is to provide instruction that concurrently engages multiple sensory receptors, 
which encode the information simultaneously in different modalities and then enables 
knowledge to be retained in various domain specific memory stores, especially 
associations with visual, verbal, kinesthetic, and tactile experiences. The imagery reports 
and the posttest interview responses of the participants in this dissertation study indicated 
that several participants in all three treatment groups utilized visual, verbal, kinesthetic, 
tactile, olfactory, and gustatory experiences, as well as mental pictures to help them learn 
and recall the vocabulary words which they were being taught.  
The results of this study were also consistent with Thelen, Schoner, Scheier, and 
Smith’s (2001) proposition that theories of embodied cognition have in common an 
assumption that cognition arises from bodily interactions with the world and that 
cognition depends on the kinds of experiences that come from having a body with 
particular perceptual and motor capacities. The participants in the visual and sensory 
motor conditions utilized their senses to imagine what an unfamiliar noun looked like or 
what it felt like to interact with that noun.  
Overall, the findings in this study support the various imaging and embodiment 
theories. Students did learn the words and there were gains from the first to second 
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definition test during the learning trials. However, there are alternative explanations that 
have not been ruled out, such as remembering spellings and associating them with 
pronunciations and the meanings of the words, rehearsing of the definitions, and word 
and letter associations. Students during the posttest interview mentioned several other 
strategies utilized besides sensory motor and visual imagery. These strategies might 
explain the students’ vocabulary learning in this study.   
Strengths of the Current Study  
  
One major strength of this study was that 41 of the 49 college students in this 
study were able to successfully learn at least 8 of 10 pseudo words that they had never 
heard of before in a one to two-hour period of time.  This was evidenced by their 
performance on the multiple-choice posttest which required students to select one of three 
choices reflecting the meaning of each word. The foils were meanings of other taught 
words. The meanings were different from the definitions. A total of 25 out of 49 
participants learned all 10 words within this short time period.  Each of the three 
conditions in this study provided an effective method of vocabulary instruction as 
evidenced by the fact that 8 of the 16 participants in the sensory motor condition learned 
all of the words, 10 of the 16 participants in the visual condition learned all of the words, 
and 7 of the 17 participants in the verbal condition learned all of the words.  The ability 
of participants in the verbal condition to learn all of the ten pseudo words indicated that 
the traditional instructional method utilized in this condition was also an effective method 
of vocabulary instruction focusing on the repetition of definitions.  
 Another major strength of this study was that most of the college students who 
were assigned to the sensory motor and visual conditions were able to generate multiple 
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imagery connections that were directly related to the sensory motor and visual categories 
and features of the pseudo words that they were learning as well as the sensory motor and 
visual checklists with which they were provided. The mean number of categories and 
features generated in the sensory motor conditions was 15.6 with counts ranging from 6.6 
to 25.2. In the visual condition the mean was 10.9 with counts ranging from 6.3 to 18.6. 
Furthermore, many of these participants were able to provide at least some elaboration or 
explanation of these connections. Some participants often generated sensory motor or 
visual connections that were very imaginative, creative, and in some instances emotional 
in nature.  Many created elaborate stories, which indicated that they made personal 
connections with the pseudo words. This demonstrated that they were very effective in 
their ability to imagine that they were either watching or participating in a movie that 
revolved around the word being learned.  
 Whereas the images generated in the visual group were based only on the visual 
categories of size, shape, color, luminance, action, and emotion, the images generated in 
the sensory motor group were based on these visual categories plus the categories of 
sounds, tastes, smells, feelings of touch, and movements of the body. Participants in the 
visual group were instructed to imagine that they were watching a movie based on the 
meaning of each of the pseudo words. For example, with the word “hettundut” they were 
instructed to imagine how large in size the family of whales were, what shape each of the 
whales were, what color the whales were, how bright or dark they were, whether they 
were swimming or jumping, and if they appeared to be happy, scared, or sad. In contrast, 
the participants in the sensory motor group were instructed to imagine that they 
themselves were in a movie based on the meaning of each of the words. For example, 
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with the word “hettundut” they were instructed to imagine how big each of the whales 
were, what shape they were, what color they were, how bright or dark they were, what  
actions they were taking, what emotions they were experiencing, and in addition they 
were instructed to imagine how, for instance, the family of whales sounded as they 
crashed up and down over the waves, how they tasted and smelled the brine of the fresh 
ocean water, how cold it felt as the water splashed over them in the boat, and how they 
were being thrown back and forth on the deck of the boat.  
 A third major strength of this study was that there was an assessment of college 
students’ long-term memory for definitions of the pseudo words over a period of 
approximately two weeks of time. Not only were the participants able to retain their 
memory of the definitions of the pseudo words over  one- to two-hour period of time, but 
they were also able to recall these definitions at least two weeks after the administration 
of the study. Eleven of the participants were able to remember 9 to 10 definitions 
following the temporal delay and interference from intervening events. This indicated the 
long-term effectiveness of the three vocabulary instructional methods that were used to 
teach the participants the meanings of new words.  
Limitations and Recommendations for Improvement of the Current Study  
 
 One limitation of this dissertation study relates to ceiling effects. As a result of 
increasing the complexity of the spellings and pronunciations of pseudo words in the 
dissertation study, scores on the spelling posttest no longer exhibited a ceiling effect as 
they did in the pilot study. However, ceiling effects were reduced but not eliminated on 
the multiple-choice posttest in the dissertation study despite an increase in the complexity 
of the vocabulary words and the sensitivity of the multiple-choice test of word meanings. 
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Whereas the number of perfect scores (i.e., 10) on the spelling posttest was reduced from 
47% of participants in the pilot study to 2% in the dissertation study, the number of 
perfect scores on the multiple-choice test was reduced from 83% of the participants in the 
pilot study to 51% in the dissertation study. Nevertheless, the mean scores were high. 
 According to Gall, Gall, and Borg (2007), a ceiling effect is defined as a situation 
in which a test has a limited range of difficulty, with most of the items on the test so 
difficult that many of those people taking the test earn a very low score, or with most of 
the items on the test being so easy that many of the test takers earn the maximum score or 
a score close to it. The latter situation pertained to the results of the multiple-choice test 
in this dissertation research. As mentioned above, more than half of the participants in 
this study achieved the maximum score of 10 on the multiple-choice test. As a result, the 
ceiling effect may have placed a restriction on the ability of the participants to 
demonstrate their true level of vocabulary learning during the study. 
Another major limitation of this study is that the participants in all three treatment 
groups did not just use the instructional methods that they were assigned in order to learn 
and remember the ten pseudo words. When interviewed at the completion of the last 
posttest, close to all of the participants indicated that they had used various alternative 
mnemonic methods to recall the words and their definitions. There was a high level of 
fidelity in participants following their assigned procedures for either reporting on their 
sensory motor or visual imagery or repeating the definitions three times. However, when 
asked what methods they actually used to learn and remember the words and their 
definitions, they reported that they used other methods that they were not instructed to 
use such as the breaking down of words into letters and syllables, word associations, 
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letter associations, repetition, thinking of the sound and feeling of the words, identifying 
when a word had two of the same letters together, and making associations with prior 
memories. In addition to using techniques that participants in other groups were not 
instructed to use, the participants in the imagery groups also used repetition methods that 
the verbal participants were instructed to use. In addition, the participants in the verbal 
group also used imagery techniques that the sensory motor and visual participants were 
instructed to use. Therefore, there was not adequate control over the potential 
confounding effects of these alternative methods upon the dependent variables in this 
study. 
One other major limitation in this study relates to the possible interference effects 
of the imagery procedures in the sensory motor and visual conditions. As mentioned 
earlier in the results section, one of the participants in the visual condition reported that 
visual imagery helped out but that she got distracted because she was busy trying to 
check off the categories and features in the visual checklist. Her comment suggested that 
her attempt to report as many visual categories and features as possible to elaborate 
pseudo word meanings interfered with her ability to learn and remember the pseudo 
words and their definitions.  
Another possible limitation of this study relates to its external validity. The 
generalizability of findings to other populations (e.g., younger students, students with 
vocabulary learning difficulties/limited vocabularies) as well as to the learning of real 
words and their meanings rather than pseudo words can be questioned. As per Cohen and 
Johnson’s (2011) positive findings with children, this study might have been more 
effective if it was conducted with younger students who would not utilize mnemonic 
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strategies to learn vocabulary words other than the ones that they were being directed to 
use.  Also, there may have been alternative ways to structure the imagery training 
procedures that might have been more effective and that were based on other theories 
such as those associated with the Max Planck Institute for Human Cognitive and Brain 
Sciences (2015), the Montessori method of education (Montessori, 1964), or Gardner’s 
theory of multiple intelligences (1985). Scientists with the Max Planck Institute for 
Human Cognitive and Brain Sciences (2015) in Leipzig, for example, found that it is 
easier to learn vocabulary if the brain can link a given word with different sensory 
perceptions. These researchers found that learning methods that involve several senses, 
and in particular those that use gestures are superior to those based only on listening or 
reading. In their study, they found that young men and women were better able to learn 
the meanings of words in an artificial language when they expressed it with a gesture 
(movement) and when they were shown an image of the word. They recommended that 
to learn the Spanish word for apple, a research participant should make an apple gesture, 
taste an apple, or look at a picture of an apple.  
Similarly, the Montessori method of instruction (Montessori, 1964) could have 
been applied to the methodology utilized in this dissertation research. Schools utilizing 
this method of instruction teach young children the meanings of new words and how to 
read by having the children use all of their senses. Therefore, the children learn the 
meanings, spellings, and the pronunciations of new words through their sense of vision, 
by viewing the word or an image of what the word represents, through their sense of 
hearing by hearing a sound associated with the word, through their tactile sense by 
touching something associated with the word, through their sense of taste by tasting 
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something associated with the word, through their sense of smell by smelling something 
that will remind them of the word, and through their kinesthetic sense by them moving 
their body in a way that will remind them of the word. Of course, this approach would 
have to be modified so that it could be utilized with a college-age population.  
Also, Gardner’s (1985) theory of multiple intelligences could have been applied 
to the methodology of this dissertation study. As discussed earlier, Gardner has proposed 
that memory is composed of distinct modules which store different types of information. 
Consequently, multisensory instruction might lead to greater learning since information 
presented in two or more ways could be stored in different sensory-specific modular 
storage units.  For example, types of intelligence that might have been addressed in the 
development of training materials in this dissertation may have been linguistic 
intelligence related to the word meanings, spatial intelligence related to the generation of 
visual and sensory motor images, and bodily-kinesthetic intelligence by asking the 
participants to make specific body movements in association with specific words. In 
addition, different control treatment procedures that were not so directly targeted at 
learning the vocabulary words and their meanings could have been implemented. For 
example, the control condition in this study could have asked the participants to just 
listen to the pronunciation of the words and their meanings and to view the spelling of 
these words without being asked to repeat the words and their meanings three times.  
 One possible explanation for why some participants in the verbal control group 
were able to learn and recall definitions better than some participants in the sensory and 
motor groups may relate to the issue of cognitive load (VandenBos, 2007). Utilizing the 
concept of cognitive load, it can be proposed that the verbal control participants did not 
The Effects of Multisensory Imagery on Vocabulary Learning 
 168 
have to deal with the cognitive load of generating imagery in their minds and as a result 
were free to focus their attentions on learning the definitions of each of the pseudo words 
by repetition of the definitions. From the perspective of dual coding, they only had to 
code each pseudo word verbally in the process of learning and remembering the 
definition of that word. They were not required to create a sensory or visual image of that 
word.  However, alternatively, the sensory motor and visual group participants’ better 
recall of definitions than that of the verbal group participants may also be explained by 
the concept of cognitive overload because the dual coding of words (visual and verbal) by 
the sensory motor participants versus the single coding (only verbal) by the verbal 
participants provided them with an advantage. 
Another question of interest was whether training time was associated with 
performance on the definition recall tests and the posttests. One possibility is that because 
the verbal group spent the least amount of time in training, participants had an advantage 
over the other groups because there was less time between the beginning of their training 
and the beginning of the definition recall test in the third trial when their memory for the 
words was assessed a second time. This was not borne out by the correlational analysis 
since the only significant correlation found was a moderate positive correlation between  
the first definition recall test and training time. Another possibility is that because the 
sensory motor and visual treatment groups spent more time in training because they were 
required to report on images of word meanings, their memory for the pronunciations, 
spelling, and meanings of words was better than that of the verbal group. However, the 
only support for this possibility is the +.29 correlation between training time and the first 
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definition recall test mentioned above. This could be considered a weak correlation, 
though, due to the low number of participants in each of the treatment groups. 
Recommendations for Future Research  
 
Several recommendations can be made to improve this dissertation research and 
implement these improvements in future research. These include a revision of the 
research methodology to more clearly define the procedures for administering the 
different treatments of this study to prevent an intermingling of treatments for the 
research participants; an increase in the number of words to be learned and remembered; 
an increase in the sample size to 90 participants to increase the power of the study; a 
modification of the study to make it appropriate for administration to  student participants 
who are in elementary school, including those who are typically performing in language 
arts and those who have learning and reading disabilities; and an assessment of the effects 
of multisensory and visual imagery on the reading comprehension performance of 
elementary school students.  
Revise the research methodology  
 
One confounding factor in this study may have been the intermingling of 
strategies used by the participants in this study to learn and remember the words and 
definitions of these words. Based on posttest interviews conducted with the participants, 
it is apparent that while they were being trained, going through the trials, and responding 
to the posttests, the participants were not using just the methods they were instructed to 
use. While behaviorally they were for the most part following the instructions for their 
assigned conditions, cognitively they were using a combination of sensory motor 
imagery, visual imagery, and more traditional repetition techniques in order to learn and 
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remember the words. This may be the reason that no significant differences were found 
between the performances of participants in the three treatment groups in this study.  
As a result, it is recommended that the methodology be revised so that the 
instructions to participants very specifically state that the participants should only use the 
technique that they are being taught to learn and remember the words and not utilize any 
other techniques, whether that be an imagery and/or definition repetition technique. 
Whereas it should be stated that the goal is to learn the pronunciations, spellings, and 
meanings of the word, it should also be emphasized that they should only use the method 
that they are being taught to use in accomplishing this task. Therefore, the participants in 
the sensory motor and visual conditions should be instructed to only utilize the sensory 
motor or visual imagery procedures, respectively, to learn and remember the ten pseudo 
words throughout the training, study, testing, and post testing parts of the study. If they 
experience difficulty with learning or remembering the words, they should be reminded 
to not utilize other methodologies such as definition repetition/rehearsal, word 
associations, and breaking down of the words. They should be encouraged to  rely on the 
particular method that they  were taught to use. Similarly, the participants in the verbal 
control condition should be instructed to only utilize the definition repetition method to 
learn and remember the ten pseudo words throughout the training, study, testing, and post 
testing parts of the study. If they experience difficulty with learning or remembering the 
words they should be reminded to not utilize other methodologies such as sensory motor 
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Use a different control condition  
 
 In a possible extension of this study, it is recommended that different control 
treatment procedures not so directly targeted at learning the vocabulary words and their 
meanings be implemented in order to increase the likelihood that significant differences 
may be found between the imagery treatment conditions and the control condition. A 
different control condition where students do not repeat the words and their definitions 
three times should be used. The students in this condition could be told the words and 
their meanings but they might practice writing the spellings of the words.  
Compare students generating their own sensory motor images for words to students 
exposed to prescribed sensory motor and visual images of words  
 
 One issue of concern that should be addressed in a future extension of this study 
relates to the method by which the effect of imagery upon vocabulary learning is 
investigated. In the current study students were asked to generate their own sensory 
motor and visual images to see if this facilitated their learning of vocabulary words. As 
an alternative, students could have been exposed to prescribed sensory motor and visual 
images of words. Therefore, in order to test the hypothesis that self-generated images 
facilitate vocabulary learning more than provided sensory motor and visual images, it is 
recommended that future research compare students’ generation of their own sensory 
motor and visual images for words to students’ exposure to prescribed sensory motor and 
visual images of words.  
Teach the vocabulary words without exposing students to their spellings  
 
 Since spelling memory and strategies were found to be strongly related to 
vocabulary learning in this study, the study by Ocal and Ehri (2017, and in the review of 
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studies conducted by Colenbrander, Miles, and Rickets (2019), it is evident that the 
exposure of students to the spellings of the pseudo words in this study  facilitated their 
ability to learn these words and their definitions. Therefore, a possible extension of this 
study would be to teach the pseudo words without exposing the students to their 
spellings. This would eliminate spellings as a learning strategy as well as a confounding 
factor influencing the effect of the three treatment conditions upon the dependent 
variables in this study. 
Study aptitude by treatment interactions to determine whether sensory motor and 
visual treatments benefit some types of students more than other types in vocabulary 
learning  
 
 Another issue of concern that should be addressed in a future extension of this 
study is related to the aptitude of students to generate sensory motor or visual images. It 
is likely that some students are more skilled at generating sensory motor or visual images 
than other students. As a result, this could be taken into consideration in future research 
regarding the effectiveness of imagery on vocabulary learning. Aptitude by treatment 
interactions should be studied in order to determine whether sensory motor and visual 
treatments benefit some types of students more than other types of students in vocabulary 
learning. For example, students who are skilled at generating sensory motor or visual 
images could be compared to students who are not skilled at generating sensory motor or 
visual images to see if this difference affects their ability to learn new vocabulary words. 
Such abilities could be assessed independently as a pretest.  
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Obtain information about whether participants are multilingual and how many 
languages are spoken  
 
 Another factor that could be considered in future research on the effects of 
multisensory imagery on vocabulary learning is whether students in the study are 
monolingual, bilingual, or even multilingual. This factor could have a significant impact 
upon a student’s ability to perform on the pretests in reading and vocabulary; their ability 
to read, pronounce, and recall the pronunciation of the words and their definitions in the 
study and test trials during training; and their ability to recall the pronunciations, 
spellings, and meanings of the words during the posttests. Therefore, information should 
be obtained about whether participants are multilingual and how many languages are 
spoken before the beginning of the study. Then this information should be used to 
determine whether this factor might adversely impact to such an extent that it would 
preclude the inclusion of certain students in the study or be used in an analysis of 
covariance to see if this factor influences the effect of the treatment conditions on the 
participants in the study and accounts for a significant amount of variance in the 
dependent variables.  
Increase the sample size and the number of words  
 
Two other recommendations can be made concerning increasing the chances that 
significant treatment differences can be found between the different conditions in this 
study. First, in order to increase the power of this study, it is recommended that the total 
sample size of this study be increased from 49 to 90 participants. According to Cohen 
(1992), the sample size necessary for .80 power for a large effect size in an analysis of 
variance with three groups and a criterion of significance of .01 is 30 per group. In 
addition, it is recommended that the number of words in this study be increased to at least 
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15 in order to reduce the ceiling effect in the multiple-choice test. This should be done in 
order to increase the variance of performance on the multiple-choice test and to ensure 
that the performance of the participants is more representative of their true abilities on 
this test.  
Modify study to include elementary grade students  
 
Another recommendation is to expand this study to a younger population of 
typically performing students as well as students with reading or learning disabilities  
who are in elementary school. It is suggested that this study be replicated with third grade 
students since they have reached the grade level and age at which they are more actively 
increasing their vocabularies and utilizing their knowledge of vocabulary to learn about 
different subject areas; in addition, these students would have the capability to sit for 
longer uninterrupted periods of time than would younger students in order to complete 
the tasks of this study. According to Ehri’s (1995) model of phases of learning to read, 
third grade students will have reached the consolidated alphabetic phase of reading in 
which recurring letter patterns become consolidated. During this phase, which typically 
begins at the end of second grade and extends into the third grade, children have an 
increasing ability to decode various unfamiliar words. Children are able to consolidate 
common letter patterns to make word reading faster and more automatic. The purpose of 
conducting this study with younger students would be to investigate how effective 
sensory motor, visual, and more traditional methods of vocabulary instruction with them 
would be as they are at an age when they are actively building up their knowledge of 
vocabulary and utilizing this knowledge to improve their reading and writing skills. For 
the purposes of this study, a new group of words or pseudo words would have to be 
The Effects of Multisensory Imagery on Vocabulary Learning 
 175 
developed which is more appropriate for this population. In addition, since it would be 
unreasonable, impractical, and inappropriate to require these students to sit for single 
sessions lasting up to two hours in length, it would be necessary to break up the 
administration of this study into separate shorter sessions and increase the number of 
trials in the study. It would also be necessary to take account of the possible effects of 
memory decay and interference if these sessions would need to be scheduled over a 
period of days or weeks.  
Furthermore, it is recommended that this study be extended to include elementary 
school students who have learning and reading disabilities. Students with learning 
disabilities are learning and achieving at a slower rate than typically performing students 
due to a variety of deficits including perceptual disabilities and dysfunctions in the brain. 
Students with reading disabilities are learning to read at a slower rate than typically 
performing students due to a variety of problems in decoding, word recognition, and 
reading comprehension. Both students with learning disabilities and/or reading 
disabilities have difficulties in learning the meanings of new vocabulary words so it 
likely that the use of imagery techniques would aide them in their ability to learn new 
words.  
Students with learning disabilities and reading disabilities have various limitations 
that need to be addressed in their instruction. As discussed earlier, Sadoski and Paivio 
(2001) argued in their dual coding theory that a visual image enhances memory of the 
meanings of words. Howell, Jankowicz, and Becker (2005) emphasized in their model of 
grounded language acquisition (2005) that sensorimotor features improve lexical and 
grammatical learning. In addition, Gardner (1985) contended that multisensory 
The Effects of Multisensory Imagery on Vocabulary Learning 
 176 
instruction would result in greater learning since information presented in two or more 
ways would be stored in different sensory specific storage units. Hallahan and Kauffman 
(1976) proposed that a student who has a limitation in one storage system may be able to 
compensate by accessing the information available in other modules positing that 
kinesthetic and tactile sensory inputs compensate for weak visual and auditory inputs. 
Birsh (2007) argued that multisensory teaching enabled knowledge to be retained in 
various domain specific memory stores, especially those associations with visual, verbal, 
kinesthetic, and tactile experiences.  
Assess the effects of multisensory imagery on reading comprehension  
 
One other recommendation is to assess the effects of multisensory imagery on 
reading comprehension in addition to its effects upon vocabulary learning. As noted at 
the beginning of this report, reading comprehension ability is heavily dependent upon 
vocabulary knowledge. Therefore, methods of facilitating vocabulary instruction are key 
to the development of reading comprehension ability and academic achievement in all 
subject areas. Accordingly, it is suggested that future research be developed and 
conducted to investigate how sensory motor, visual, definition repetition, and other 
methods of vocabulary instruction impact the reading comprehension capabilities of 
elementary school children.  
Implications for Instruction  
 
The findings of this study did not conclusively support the value of a multisensory 
approach to vocabulary instruction. The imagery groups did not differ significantly from 
each other or the verbal group except for when the Nelson Denny vocabulary test 
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(Fishco, 2019) was used as a covariate in an analysis of covariance. This analysis 
indicated that the participants in the sensory motor and visual conditions performed 
significantly better than the participants in the verbal condition on the first of two test 
trials for definition recall. All three groups improved from pretest to posttest. Also, 
correlational analyses showed that the imagery report measure was not significantly 
related to any of the vocabulary learning or posttest measures. This indicates that more 
extensive imagery reports did not predict better scores on the vocabulary learning 
measures.  
It is also significant to note that only so much time is available for learning, so it 
is important to utilize instructional procedures that conserve time. Results of the current 
study show that the sensory motor and visual treatments required more time, yet learning 
was not any better than memorizing definitions in the verbal control condition. Hence, 
according to this rationale, the value of sensory motor and visual imaging strategies to 
teach vocabulary can be questioned.   
However, in order to address this limitation in this study, it is recommended that 
the vocabulary and imagery methods be combined as a methodological change in future 
research to assess whether the combination of these two different types of methods 
produces better vocabulary learning than each alone. The three instructional methods 
implemented in this study resulted in a majority of the participants being able to 
successfully learn at least 8 of 10 pseudo words that they had never heard of before 
within  one- to two-hour period of time.  In addition, more than half of the participants in 
the study learned all 10 words within this short time period.  Therefore, each of the three 
conditions in this study provided an effective method of vocabulary instruction that could 
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be adapted to meet the educational needs of students at the elementary, middle school, 
and high school levels. 
 In addition, an assessment of the participants’ long-term memory for definitions 
of the pseudo words over a period of approximately two weeks of time indicated that 
many were able to recall these definitions at least two weeks after the administration of 
the study. In fact, 11 of the participants were able to remember 9 to10 definitions 
following the temporal delay and interference from intervening events. This indicated the 
long-term effectiveness of the three vocabulary instructional methods that were used to 
teach the participants the meanings of new words.  
 The combination of a traditional method of vocabulary instruction such as the one 
utilized in this study with one that incorporates visual and sensory motor imagery 
techniques could be of great educational value for students at all levels. In addition to 
instruction specifically targeted towards vocabulary learning, this combination of 
techniques could be of great value for programs focused on reading comprehension and 
subject areas that require the learning of a large number of new vocabulary words within 
a relatively short period of time. These methods of vocabulary instruction can also be of 
great assistance to students who wish to independently utilize these methods in their 
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Appendix A –Consent to Participate in a Research Study 
 
THE CITY UNIVERSITY OF NEW YORK 
Graduate Center  
Doctoral Program in Educational Psychology  
 
CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
 
Title of Research Study: The Effects of Multisensory Imagery on Word Learning 
 
Principal Investigator: Lawrence Herman, M.A., M.B.A., and M.Phil. 
        Doctoral Candidate 
 
Faculty Advisor:  Alpana Bhattacharya, Ph.D. 
    Associate Professor 
 
Linnea Ehri, Ph.D. 




You are being asked to participate in a research study because you are an English-
speaking undergraduate student who is at least 18 years of age.  
 
Purpose:  
The purpose of this research study is to better understand how students learn the 
meanings of vocabulary words. The effectiveness of three different methods of 
vocabulary instruction will be compared in this study. The three approaches are 
visual imagery, multisensory imagery, and word definition. 
 
Procedures:   
If you volunteer to participate in this research study, we will ask you to do the 
following: 
 
In this study you will be presented with a vocabulary-learning task in which the 
spoken and written form of an unfamiliar noun is defined for you. Initially, you will 
participate in an introductory training session. Then, you will be instructed in one of 
the following methods: instruction on how to form a sensory motor action image of 
a word in memory by imagining that you are interacting with it in some way and 
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oral reporting of what you are imagining; instruction on how to form a visual image 
of a word in memory by imagining that you are observing it and oral reporting of 
what you are imagining; or instruction in which you will be provided with the 
spoken and written form of an unfamiliar noun and its definition and then be 
instructed to repeat the word and the definition three times. At the completion of 
this study, you will be interviewed to determine the strategies you used to 
remember the words you were taught. 
 
Audio Recording: 
Audio recordings will be utilized in order to accurately record the results of the 
study. These recordings will be safely secured and kept strictly confidential. 
 
Time Commitment: 
Your participation in this research study is expected to last for a total of 
approximately two hours, consisting of one main sitting on one day and a brief 
follow up phone call two weeks later. 
 
Potential Risks or Discomforts:  
 
Your participation in this study will involve no more risks than in everyday life. If 
you decide at any point that you do not want to continue your participation in the 
study, you are free to stop at any time. 
  
Potential Benefits: There are no direct benefits to you. However, your participation 
in the study may increase general knowledge of vocabulary development.  
 
Payment for Participation:  
 
You will receive $20 cash in payment for your participation in this study. You will 
receive payment upon your completion of the study. 
 
Confidentiality:  
We will make our best efforts to maintain confidentiality of any information that is 
collected during this research study, and that can identify you. We will disclose this 
information only with your permission or as required by law. 
 
The information obtained from your participation in this study will be collected via 
audiotapes and written records. The collected records will be accessible to the 
principal investigator and other individuals below. The researcher will protect your 
confidentiality by safely securing the data.  
 
The research team, authorized CUNY staff, and government agencies that oversee 
this research may have access to research data and records in order to monitor the 
research. Research records provided to authorized, non-CUNY individuals will not 
contain identifiable information about you. Publications and/or presentations 
resulting from this study will not identify you by name. 
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Store and/or Share Data for Future Research 
 
On  the  checklist  below,  please  indicate  if  you  would  permit  the  researchers  to 
store  and/or  share  your  data for future research. 
 
______ I agree   to   allow   my data to   be   stored   for   future   research   by   the 
researchers of this study. 
______ I   do   not   agree   to   allow my data to   be   stored   or   shared   for future 





To ensure the accuracy of findings, all of the above procedures will be audio 
recorded for later transcription and review by the research team. You cannot 
participate in this study if you do not consent to audio recording.  If you agree to be 
audiotaped, please indicate this below.  
 
____________ I agree to be audiotaped. 
____________ I do not agree to be audiotaped. 
 
 
Students’ Rights:  
 
• Your participation in this research study is entirely voluntary. If you decide 
not to participate, there will be no penalty to you, and you will not lose any 
benefits to which you are otherwise entitled. 
 
• You can decide to withdraw your consent and stop participating in the 
research at any time, without any penalty. 
 
Questions, Comments or Concerns:  
If you have any questions, comments or concerns about the research, you can talk to 
one of the following researchers: 
 
Lawrence Herman   718-692-4257 
 
If you have questions about your rights as a research participant, or you have 
comments or concerns that you would like to discuss with someone other than the 
researchers, please call the CUNY Research Compliance Administrator at 646-664-
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CUNY Office of the Vice Chancellor for Research 
Attn: Research Compliance Administrator 
205 East 42nd Street 
New York, NY 10017 
 
Signature of Participant: 
I have read the above purpose of the study, and understand my role in participating 
in the research. I volunteer to take part in this research. I have had a chance to ask 
questions. If I have questions later, about the research, I can ask the investigator 
listed above. I understand that I may refuse to participate or withdraw from 
participation at any time without jeopardizing my employment, student status or 
other rights to which I am entitled. The investigator may withdraw me at his/her 
professional discretion. If I have questions about my rights as a research student, I 
can call the CUNY Research Compliance Administrator at 646-664-8918. I certify 
that I am 18 years of age or older and freely give my consent to participate in this 
study. I will receive a copy of this document for my records." 
 
_____________________________________________________    




_____________________________________________________  __________________________ 




Signature of Individual Obtaining Consent 
 
 
_____________________________________________________    
Printed Name of Individual Obtaining Consent 
 
 
_____________________________________________________  __________________________ 
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Appendix B- Training Procedures and Scripts 
Sensory Motor Training to Form Images of Vocabulary Word Meanings 
 
“I am going to teach you the meanings of some new words that will be unfamiliar. 
These are not real words. They are pseudo words with made up meanings. Your job will 
be to learn the spellings, pronunciations, and meanings of these words. One way to learn 
each word is to close your eyes, though you do not have to, and build a picture of the 
word and its meaning in your head. Imagine that you are looking at a movie that you have 
created that elaborates or expands on the meaning of each of these words. In your mind, 
you will imagine all sorts of things happening between you and the word that are 
centered around the word’s meaning. You will then tell me what is happening.”  
“Here is a checklist of possible sensory motor categories and features that you 
should use to plan what you will imagine. Let’s review this checklist. When you imagine 
what is happening to you and the word’s meaning in the movie, you should imagine as 
many sensory motor features within each category as possible from this checklist. This 
checklist includes the sensory motor categories of sights that you are seeing, sounds that 
you are hearing, tastes that you are experiencing, smells that you are experiencing, 
feelings of touch that you are experiencing, and movements in your body that you are 
experiencing. The sights that you are seeing include sensory motor features related to size 
such as small, large, tiny, and wide; sensory motor features related to shape such as 
circle, square, triangle, and rectangle; sensory motor features related to color such as red, 
blue, green, and brown; sensory motor features related to luminance such as dark, bright, 
sparkling, and flickering; sensory motor features related to action such as running, 
jumping, flying, and lightening; and sensory motor features related to emotion such as 
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happy, sad, angry, and scared. The sounds that you are hearing include sensory motor 
features such as loud, soft, crashing and banging. The tastes that you are experiencing 
include sensory motor features such as bitter, sweet, salty, and sour. The smells that you 
are experiencing include sensory motor features such as musty, rotting, gaseous, and 
floral. The feelings of touch that you are experiencing include sensory motor features 
such as rough, smooth, cold, and hot. The movements of the body that you are 
experiencing include sensory motor features such as shaking, bouncing, sliding, and 
falling.” 
“The words in the checklist were selected because they provide examples of 
sensory motor features that may be reported by you. They are being provided to guide 
your thoughts and to help you focus on the sensory motor aspects of the images that you 
will create for each of the pseudo words.” 
“I will now ask you to listen to my report on sensory motor imagery for the 
pseudo word “rislin”. While you are listening to my report, please check off the sensory 
motor features within those categories you notice in my report of what I am imagining.” 
(The researcher will observe the student check off the sensory motor categories that they 
address.) I am going to demonstrate the sensory motor procedure that should be followed 
for the learning of each of the ten pseudo words in this study. I will imagine the word 
rislin”. A “rislin” is a large boat with one deck to stand on. I am now going to look at the 
checklist of sensory motor categories and features to help me imagine a movie about this 
word and me. I will verbally report on the movie that I am imagining about these 
categories and features as they relate to the word “rislin”.   
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I will demonstrate how I will imagine the sights, sounds, tastes, smells, feelings of 
touch, and movements in my body about the word “rislin” and me in the movie. I am 
going to think about how I will visualize the word “rislin” and myself in my head. I am 
going to look at the checklist of possible sensory motor categories and features and plan 
what I will imagine. I will imagine that I am an actor in a movie involving the meaning of 
a “rislin”. I will think about how I will visualize the “rislin” . I will include as many 
features within each category as possible from the checklist. As soon as I am ready to 
create a movie I will close my eyes, though I do not have to, imagine a movie about a 
“rislin”, and report what I see. This image will include the sensory motor features within 
the categories of sights, sounds, tastes, smells, feelings of touch, and movements of the 
body from the checklist. I am imagining that the “rislin” is a very big, wide, and 
rectangular white boat. This image includes features from the visual categories of size, 
shape, and color on the checklist. I am imagining also that the waves are very large, and I 
am being thrown around as the “rislin” is moving up and down over the waves. This 
image includes the sensory motor features within the categories of size, action, and 
movements of the body from the checklist.  
“I am imagining that I hear the crashing sound of the waves against the side of the 
boat.  This image includes a feature from the sensory motor category of sounds from the 
checklist. I am imagining that I can smell and taste the brine of the ocean. This image 
includes features from the sensory motor categories of smells and tastes from the 
checklist. I am imagining that I feel the cold water hitting my body and soaking my 
clothes.  I feel very cold and wet.  This image includes the features from the sensory 
motor categories of movements in the body and feelings of touch from the checklist. I am 
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imagining that I and the other people are falling over each other and slipping on the deck 
of the white colored “rislin”. This image includes features from the sensory motor 
categories of movements in the body and action from the checklist. I am imagining that I 
can feel a very strong wind hitting me and I can feel that the rain is coming down very 
hard on me.  This image includes features from the sensory motor categories of 
movements in the body and feelings of touch from the checklist. I am imagining that I 
can see a much larger blue and yellow ship is approaching me on the “rislin”. This image 
includes features from the sensory motor categories of size, color, and action from the 
checklist. I am now opening my eyes. I will now check off the features within those 
categories on the sensory motor checklist that I included in my imagery. Those are 
features within the sensory motor categories of the size, shape, color, action, sounds, 
tastes, smells, feelings of touch, and movements of the body. The new word is rislin.” 
“Now I would like you to recall the specific features that you checked off on the 
sensory motor checklist which were included in this person’s report.” (Listen to each 
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Sensory Motor Study and Test Routine for Target Words 
Trial 1 – A Study Trial 
 
1. (Present card displaying written word plus meaning.)  
The word is hettundut. Here is the meaning. 
A hettundut is a family of whales who live in the ocean. (Researcher reads the word and 
meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now look at the checklist of possible sensory motor categories and features and plan 
what you will imagine and feel, and how you will move. Imagine that you are the actor in 
a movie in which you are interacting with a hettendut. Think about how you will 
visualize and interact with the hettundut. You should imagine as many features within 
each category as possible from this checklist. Let me know when you are ready to create 
the movie. 
If it helps, close your eyes, imagine a movie about a hettundut in your head, and tell me 
what you see.  
(Student closes their eyes.) 
Prompt if student does not respond: Prompt only once and record if prompted. 
Imagine you are interacting with it in a movie.  
All sorts of things are happening between you and the hettundut in the movie.  
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
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 (Cover card.) 
What is the word? 
(Student responds.) 
 
2. (Present card displaying written word plus meaning.)  
The word is nuppelin. Here is the meaning. 
A nuppelin is the name of each of the steps on a ladder so people can climb it. 
(Researcher reads the word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now look at the checklist of possible sensory motor categories and features and plan 
what you will imagine and feel, and how you will move. Imagine that you are the actor in 
a movie in which you are interacting with a nuppelin. Think about how you will visualize 
and interact with the nuppelin in your head. You should include as many features within 
each category as possible from this checklist. Let me know when you are ready to create 
the movie. 
If it helps, close your eyes, imagine a movie about a nuppelin in your head, and tell me 
what you see. 
(Student closes eyes.) 
Prompt if the student does not respond: Prompt only once and record if prompted. 
Imagine you are interacting with it in a movie.  
All sorts of things are happening between you and the nuppelin in the movie.  
Tell me what is happening and what you are doing. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 189 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
3. (Present card displaying written word plus meaning.)  
The word is zoggen. Here is the meaning. 
Zoggen is soft mushy food for babies who don’t have any teeth. (Researcher reads the 
word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
What is the word? 
(Student responds.) 
 
4. (Present card displaying written word plus meaning.)  
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The word is liggenwal. Here is the meaning. 
A liggenwal is a person who is very mean to other people and animals (Researcher reads 
the word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
5. (Present card displaying written word plus meaning.)  
The word is prulun. Here is the meaning. 
A prulun is big strong truck that carries heavy loads. (Researcher reads word and 
meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
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(Student responds.) 
When telling stops after 5 seconds of silence, as “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
6. (Present card displaying written word plus meaning.)  
The word is tibbalin. Here is the meaning. 
A tibbalin is a large deer with long branching antlers who lives in the woods. (Researcher 
reads word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover card.) 




7. (Present card displaying written word plus meaning.)  
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The word is jickum. Here is the meaning. 
Jickum is squishy wet ground covered in grass. (Researcher reads word and meaning 
printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
8. (Present card displaying written word plus meaning.)  
The word is wugger. Here is the meaning. 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(Researcher reads word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
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(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
9. (Present card displaying written word plus meaning.)  
The word is rittunjom. Here is the meaning. 
A rittunjom is a dog who doesn’t have any home so it is homeless. (Researcher reads 
word and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover word.) 
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10. (Present card displaying written word plus meaning.)  
The word is gadle. Here is the meaning. 
A gadle is a small, mouselike, rodent who can jump very high. (Researcher reads word 
and meaning printed on the card.) 
(Ask the student to repeat word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask ,“Are you finished?" 
 (Cover word.) 
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Sensory Motor Routine for Studying and Testing Target Words 
Trial 2 – A Combined Test, Feedback, and Study Trial 
 
1. (Present card displaying written word.) 
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the word and meaning printed on the card.) 
I am going to ask you to restate the movie that you imagined about this word and then 
elaborate on it with as many new features within each category as possible. 
You can improve your memory this way. 
Look at the checklist of sensory motor categories and features and plan what you will 
imagine and feel, and how you will move. Imagine that you are the actor in a movie in 
which you are interacting with a liggenwal. Think about how you will visualize and 
interact with the liggenwal in your head. You should imagine as many new features 
within each category as possible from this checklist. Let me know when you are ready to 
create the movie. Now close your eyes, if it helps, reimagine the movie about a 
liggenwal, add new features within each category, and tell me what you see. 
(Student closes eyes.) 
Prompt if student does not respond: Prompt only once and record if prompted. 
Imagine you are interacting with it in a movie.  
All sorts of things are happening between you and the liggenwal in the movie.  
Tell me what is happening and what you are doing. 
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Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?’ 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
2. (Present card displaying written word.) 
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
I am going to ask you to restate the movie that you imagined about this word and then 
elaborate on it with as many new features within each category as possible. 
You can improve your memory this way. 
Look at the checklist of sensory motor categories and features and plan what you will 
imagine and feel, and how you will move. Imagine that you are the actor in a movie in 
which you are interacting with jickum. Think about how you will visualize and interact 
with the jickum in your head. You should imagine as many new features within each 
category as possible from this checklist. Let me know when you are ready to create the 
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movie. Now close your eyes, reimagine the movie about jickum, add new features within 
each category, and tell me what you see. 
(Student closes eyes.) 
Prompt if a student does not respond: Prompt only once and record if prompted. 
Imagine you are interacting with it in a movie. 
All sorts of things are happening between you and the jickum in the movie.  
Tell me what is happening and what you are doing. 
(Student responds.) 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
3. (Present card displaying written word.)  
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
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Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
4. (Present card displaying written word.) 
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
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5. (Present card displaying word.) 
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike, rodent who can jump very high. (The researcher reads the 
word and meaning printed on the card.  
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover word.) 
What is the word? 
(Student responds.) 
 
6. Present card displaying written word.) 
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
The Effects of Multisensory Imagery on Vocabulary Learning 
 200 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover word.) 
What is the word? 
(Student responds.) 
 
7. (Present card displaying written word.) 
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. [The researcher reads the word 
and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
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 (Cover card.) 
What is the word? 
(Student responds.) 
 
8. (Present card displaying written word.) 
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A prulun is a big strong truck that carries heavy loads. (The researcher reads the word 
and meaning printed on card.] 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
9. (Present card displaying written word.) 
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
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(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Zoggen is soft mushy food for babies who don’t have any teeth. [The researcher reads the 
word and meaning printed on the card.] 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished? 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
10. (Present card displaying written word.) 
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you are doing. 
Be sure to imagine as many new features within each category as possible in your movie. 
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(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
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Sensory Motor Routine for Studying and Testing Target Words 
Trial 3 – A Test and Feedback Trial 
 
1. (Present card displaying written word.) 
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
2. (Present card displaying word.) 
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike, rodent who can jump very high. (The researcher reads the 
word and meaning printed on the card.)  
 (Cover word.) 
What is the word? 
(Student responds.) 
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3. (Present card displaying written word.) 
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
 (Cover word.) 
What is the word? 
(Student responds.) 
 
4. (Present card displaying written word.) 
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and meaning printed on card.) 
 (Cover card.) 
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5. (Present card displaying written word.) 
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
6. (Present card displaying written word.) 
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads the 
word and meaning printed on the card.) 
 (Cover card.) 
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7. (Present card displaying written word.) 
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals (The researcher 
reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
8. (Present card displaying written word.)  
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
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9. (Present card displaying written word.) 
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
10. (Present card displaying written word.) 
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A prulun is a big strong truck that carries heavy loads. [The researcher reads the word 
and meaning printed on card.] 
(Cover card.) 
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Visual Training to Form Images of Vocabulary Word Meanings 
 
“I am going to teach you the meanings of some new words that will be unfamiliar.  
These are not real words. They are pseudo words with made up meanings. Your job will 
be to learn the spellings, pronunciations, and meanings of these words. One way to learn 
each word is to close your eyes, though you do not have to, and build a picture of the 
word and its meaning in your head. Imagine that you are looking at a movie that you have 
created which elaborates or expands on the meaning of each of these words. In your 
mind, you will imagine all sorts of things that you see happening in the movie that are 
centered around the word’s meaning. You will then tell me what you see happening.” 
“Here is a checklist of possible visual categories and features that you should use 
to plan what you will imagine. Let’s review this checklist. You should imagine as many 
visual features within each category as possible from this checklist.  This checklist 
includes the visual categories of size, shape, color, luminance, action and emotion. Size 
includes visual features such as small, large, tiny, and wide. Shape includes visual 
features such as circle, square, triangle, and rectangle. Color includes visual features such 
as red, blue, green, and brown. Luminance includes visual features such as dark, bright, 
sparkling, and flickering. Action includes visual features such as running, jumping, 
flying, and lightening. Emotion includes visual features such as happy, sad, angry, and 
scared.” 
“The words in the checklist were selected because they provide examples of 
visual features and categories that may be reported by you. They are being provided to 
guide your thoughts and to help you focus on the visual aspects of the images that you 
will create for each of the pseudo words.” 
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“I will now ask you to listen to my report on visual imagery for the pseudo word 
“rislin”. I am now going to demonstrate the visual imagery procedure that should be 
followed for the learning of each of the ten pseudo words in this study. I will imagine the 
word is “rislin”. A “rislin” is a large boat with one deck to stand on.  I am now going to 
look at the checklist of visual categories and features to help me imagine a movie about 
this word. I will verbally report on the movie that I am imagining about these categories 
and features as they relate to the word “rislin.“ 
“I will demonstrate how I will imagine the features within the categories of the 
size, shape, color, luminance, action, and emotion of the “rislin” in the movie. I am 
going to think about how I will visualize the word “rislin” in my head. I am going to 
look at the checklist of possible visual categories and features and plan what I will 
imagine. I will imagine that I am watching a movie involving the meaning of a “rislin”. I 
will think about how I will visualize the “rislin” in my head. I will include as many 
features within each category as possible from the checklist. As soon as I am ready to 
create a movie I will close my eyes, though I do not have to, imagine a movie about a 
“rislin”, and its meaning in my head, and report what I see. This image will include the 
visual features within the categories of size, shape, color, luminance, action, and emotion 
from the checklist. While you are listening to my report, please check off the visual 
features within those categories you notice in my report of what I am imagining.” (The 
researcher will observe the student check off the visual categories that they address.) 
“I am imagining that the rislin is a very big, wide, and rectangular white boat. 
This image includes features from the visual categories of size, shape, and color on the 
checklist. I am imagining that the waves are very high and large, and they are white and 
The Effects of Multisensory Imagery on Vocabulary Learning 
 211 
gray in color. This image includes features from the visual categories of size and color 
from the checklist. I am imagining that the waves are crashing up against the boat and 
knocking it and the people on it from side to side. This image includes a feature from the 
visual category of action. I am imagining that the faces of the people on the boat look 
very scared. This image includes a feature from the visual category of emotion. I am 
imagining that the sky is getting very cloudy and dark. This image includes features from 
the visual categories of luminance and action from the checklist. I am imagining a faint 
light that can be seen off in the distance and that the sky is getting brighter. This image 
includes a feature from the visual category of luminance. I am imagining a much larger 
ship that is blue and yellow is approaching the “rislin”. This image includes features 
from the visual categories of size, color, and action from the checklist. I am now opening 
my eyes (This is the end of my report). I will now check off the features within those 
categories on the visual features checklist that I included in my imagery. Those are the 
features within the visual categories of size, shape, color, luminance, action,  and emotion 
on the visual checklist. The new word is rislin.” 
 “Now I would like you to recall the specific features that you checked off on the 
visual imagery checklist which were included in my report.” (Listen to each student’s 
responses. The researcher will check off the visual categories addressed in student 
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Visual Study and Test Routine for Target Words 
Trial 1 – A Study Trial 
 
1. (Present card displaying written word plus meaning.)  
The word is hettundut. Here is the meaning.  
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and the meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now look at the checklist of possible visual categories and features and plan what you 
will imagine.  Imagine that you are creating (watching) a movie involving the meaning of 
a hettundut. Think about how you will visualize the hettundut in your head.  You should 
imagine as many features within each category as possible from this checklist.  Let me 
know when you are ready to create the movie. If it helps, close your eyes, imagine a 
movie about a hettundut, and tell me what you see. 
(Student may close their eyes.) 
Prompts if student does not respond: Prompt only once and record if prompted. 
Imagine you are watching it in a movie.  
You see all sorts of things happening in and around the hettundut in the movie.  
Tell me what is happening and what you see. 
Be sure to imagine as many features within each category as possible in your movie.  
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
(Cover card.) 
What is the word? 




2. (Present card displaying written word plus meaning.)  
The word is nuppelin. Here is the meaning. 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now look at the checklist of possible visual categories and features and plan what you 
will imagine. Imagine that you are creating (watching) a movie involving the meaning of 
a nuppelin. Think about how you will visualize the nuppelin in your head. You should 
imagine as many features within each category as possible from this checklist. Let me 
know when you are ready to create the movie. If it helps, close your eyes, imagine a 
movie about a nuppelin in your head, and tell me what you see. 
(Student may close their eyes.) 
Prompts if student does not respond: Prompt only once and record if prompted. 
Imagine you are watching it in a movie.  
You see all sorts of things happening in and around the nuppelin in the movie.  
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
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What is the word? 
(Student responds.) 
 
3. (Present card displaying written word plus meaning .)  
The word is prulun. Here is the meaning. 
A prulun is a big strong truck that carries heavy loads. (The researcher reads the word 
and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed.  
Tell me what is happening and what you see. 
Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
What is the word? 
(Student responds.) 
 
4. (Present card displaying written word plus meaning.)  
The word is liggenwal. Here is the meaning. 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
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(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
What is the word? 
(Student responds.) 
 
5. (Present card displaying written word plus meaning.)  
The word is zoggen. Here is the meaning. 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads the 
word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
What is the word? 




6. (Present card displaying written word plus meaning.)  
The word is tibbalin. Here is the meaning. 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
7. (Present card displaying written word plus meaning.)  
The word is jickum. Here is the meaning. 
Jickum is squishy wet ground covered in grass. (The researcher reads word and meaning 
printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
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Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
8. (Present card displaying written word plus meaning.)
The word is wugger. Here is the meaning. 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
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9. (Present card displaying written word plus meaning.)
The word is rittunjom. Here is the meaning. 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher 
reads word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?”  
 (Cover card.) 
What is the word? 
(Student responds.) 
10. (Present card displaying written word plus meaning.)
The word is gadle. Here is the meaning. 
A gadle is a small, mouselike rodent who can jump very high. (The researcher reads 
word and meaning printed on the card.) 
(Ask the student to repeat the word and meaning.) 
(Student responds.) 
Now follow the procedure we discussed. 
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Tell me what is happening and what you see. 
 Be sure to imagine as many features within each category as possible in your movie. 
(Student responds.) 
 When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
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Visual Study and Test Routine for Target Words 
Trial 2 – A Combined Test, Feedback, and Study Trial 
1. (Present card displaying written word.)
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the word and meaning printed on the card.) 
I am going to ask you to reinstate in your mind the movie that you imagined about this 
word and then elaborate on it with as many new features within each category as 
possible. You can improve your memory this way. 
Look at the checklist of possible visual categories and features and plan what you will 
imagine. Imagine that you are recreating and elaborating (watching) the movie you 
created for the meaning of a liggenwal.  Think about how you will visualize the 
liggenwal in your head. You should imagine as many new features within each category 
as possible from this checklist. Let me know when you are ready to recreate the movie. 
Now close your eyes, if it helps, re-imagine the movie about a liggenwal, add new 
features within each category, and tell me what you see. 
 (Student may close their eyes.) 
Prompt if student does not respond: Prompt only once and record if prompted. 
Imagine you are watching it in a movie.  
You see all sorts of things happening in and around the liggenwal in the movie.  
Tell me what is happening and what you see. 
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Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask, ”Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
2. (Present card displaying written word.)
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
I am going to ask you to reinstate in your mind the movie that you imagined about this 
word and then elaborate on it with as many new features within each category as 
possible. You can improve your memory this way. 
Look at the checklist of visual categories and features and plan what you will imagine. 
Imagine that you are recreating and elaborating (watching) the movie you created for the 
meaning of jickum. Think about how you will visualize the liggenwal in your head. You 
should imagine as many new features within each category as possible from this 
checklist. Let me know when you are ready to recreate the movie. Now close your eyes, 
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if it helps, re-imagine the movie about a liggenwal, add new features within each 
category, and tell me what you see. 
 (Student may close their eyes.) 
Prompt if student does not respond: Prompt only once and record if prompted. 
Imagine you are watching it in a movie. 
You see all sorts of things happening in and around the jickum in the movie.  
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
3. (Present card displaying written word.)  
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. [The 
researcher reads the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
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Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
4. (Present card displaying written word.) 
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.] 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
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5. (Present card displaying word.) 
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike, rodent who can jump very high. [The researcher reads the 
word and meaning printed on the card.  
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover word.) 
What is the word? 
(Student responds.) 
 
6. (Present card displaying written word.) 
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
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Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover word.) 
What is the word? 
(Student responds.) 
7. (Present card displaying written word.)
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. [The researcher reads the word 
and meaning printed on card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 




8. (Present card displaying written word.) 
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Prulun is a big strong truck that carries heavy loads. [The researcher reads the word and 
meaning printed on card.] 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
 
9. (Present card displaying written word.) 
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
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Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads the 
word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
(Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
 (Cover card.) 
What is the word? 
(Student responds.) 
10. (Present card displaying written word.)
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
Now follow the procedure we discussed. 
Tell me what is happening and what you see. 
Be sure to imagine as many new features within each category as possible in your movie. 
 (Student responds.) 
When telling stops after 5 seconds of silence, ask “Are you finished?” 
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 (Cover card.) 
What is the word? 
(Student responds.) 
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Visual Study and Test Routine for Target Words 
Trial 3 – A Test and Feedback Trial 
1. (Present card displaying written word.)
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
2. (Present card displaying word.)
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike, rodent who can jump very high. (The researcher reads the 
word and meaning printed on the card.) 
 (Cover word.) 
What is the word? 
(Student responds.) 
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3. (Present card displaying written word.)
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
 (Cover word.) 
What is the word? 
(Student responds.) 
4. (Present card displaying written word.)
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and meaning printed on card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
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5. (Present card displaying written word.)
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
6. (Present card displaying written word.)
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads 
the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
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7. (Present card displaying written word.)
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals. (The 
researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
8. (Present card displaying written word.)
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
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9. (Present card displaying written word.)
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
10. (Present card displaying written word.)
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A prulun is a big strong truck that carries heavy loads. (The researcher reads the 
word and meaning printed on card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
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Verbal Control Training to Learn Vocabulary Word Meanings 
 “I am going to teach you the meanings of some words you have not yet learned.  
These are not real words. They are pseudo words with made up meanings. Your job will 
be to learn the spellings, pronunciations, and meanings of these words. One way to learn 
each word is to first look at the written word and its meaning. Then, I will read the word 
to you and then have you repeat it. Your job will be to learn the spelling of the word, its 
correct pronunciation, and its meaning. One way to remember each word is to look at its 
spelling, to read and properly pronounce the word, to see and hear a sentence defining the 
word, and to repeat its meaning three times.” 
“Let’s practice doing this.  Let’s look at the first word. I will now show you an 
index card on which this word is written. (Hand the first index card to the student with 
the side that shows the spelling of the word face up.) This word is pronounced “rislin”. 
Can you please repeat this word? (Student responds.) Now please turn this card over to 
the other side. I will now read you the meaning of this word. A “rislin” is a large boat 
with one deck to stand on. Can you please read this meaning three times? Can you please 
turn this card over again and repeat this word? (Student turns the card over and reads the 
word.)(Take the first index card back from the student.) 
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Verbal Control Study and Test Routine for Target Words 
Trial 1- A Study Trial 
 
1. (Present card displaying the written word.)  
The word is hettundut. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
2. (Present card displaying the written word.) 
The word is nuppelin. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning”.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
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What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
3. (Present card displaying the written word.)  
The word is zoggen.  (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.“) 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads the 
word and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
4. (Present card displaying the written word.) 
The word is liggenwal. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.“) 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the word and meaning printed on the card.) 
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(“Please read the meaning three times.”) 
(The student responds.)  
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
5. (Present card displaying the written word.)  
The word is prulun. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A prulun is a big strong truck that carries heavy loads. (The researcher reads the word 
and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.)  
 
  
6. (Present card displaying the written word.) 
The word is tibbalin. (“Can you please read the word?”) 
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(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
7. (Present card displaying the written word.)  
The word is jickum. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
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8. (Present card displaying the written word.) 
The word is wugger. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
(“Please read the meaning three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
9. (Present card displaying written word plus meaning.)  
The word is rittunjom. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
(“Please read the definition three times.”) 
(The student responds.) 
(Cover card.) 
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What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
10. (Present card displaying written word plus meaning.) 
The word is gadle. (“Can you please read the word?”) 
(The student responds.) 
(“Please flip over the card. Here is the meaning.”) 
A gadle is a small, mouselike rodent who can jump very high. (The researcher reads the 
word and meaning printed on the card.) 
 (“Please read the definition three times.”) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
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Verbal Control Study and Test Routine 
Trial 2 – A Combined Test, Feedback, and Study Trial 
1. (Present card displaying written word.)
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the word and meaning printed on the card.) 
 (Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
2. (Present card displaying written word.)
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
 (Ask the student to read the word and its meaning three times.) 
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(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
3. (Present card displaying written word.)
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
 (Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
4. (Present card displaying written word.)
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
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(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
5. (Present card displaying word.)
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike rodent who can jump very high. (The researcher reads the 
word and meaning printed on the card.) 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
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(Take the index card back from the student.) 
6. (Present card displaying written word.)
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
7. (Present card displaying written word.)
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and meaning printed on the card.) 
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(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
8. (Present card displaying written word.)
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A prulun is a big strong truck that carries heavy loads. (The researcher reads the word 
and meaning printed on the card.] 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
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9. (Present card displaying written word.)
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads 
the word and meaning printed on the card.) 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
10. (Present card displaying written word.)
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
(Ask the student to read the word and its meaning three times.) 
(The student responds.) 
(Cover card.) 
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What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
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Verbal Control Study and Test Routine 
Trial 3 – Test and Feedback Trial 
 
1. (Present card displaying written word.) 
The word is wugger. (The researcher reads the word printed on the card.) 
What was the meaning of wugger? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A wugger is a small electronic organ or piano with a single keyboard for making music. 
(The researcher reads the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
2. (Present card displaying word.) 
The word is gadle. (The researcher reads the word printed on the card.) 
What was the meaning of gadle? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A gadle is a small, mouselike rodent who can jump very high. (The researcher reads the 
meaning printed on the card.) 
(Cover card.) 
What is the word? 
(Student responds.) 
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(Take the index card back from the student.) 
 
3. (Present card displaying written word.) 
The word is rittunjom. (The researcher reads the word printed on the card.) 
What was the meaning of rittunjom? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A rittunjom is a dog who doesn’t have any home so it is homeless. (The researcher reads 
the word and meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
4. (Present card displaying written word.) 
The word is hettundut. (The researcher reads the word printed on the card.) 
What was the meaning of hettundut? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A hettundut is a family of whales who live in the ocean. (The researcher reads the word 
and meaning printed on card.) 
(Cover card.) 
What is the word? 
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(Student responds.) 
(Take the index card back from the student.) 
 
5. (Present card displaying written word.) 
The word is nuppelin. (The researcher reads the word printed on the card.) 
What was the meaning of nuppelin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A nuppelin is the name of each of the steps on a ladder so people can climb it. (The 
researcher reads the word and meaning printed on the card.) 
(Cover card.) 
What is the word?  
(Student responds.) 
(Take the index card back from the student.) 
 
6. (Present card displaying written word.) 
The word is zoggen. (The researcher reads the word printed on the card.) 
What was the meaning of zoggen? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
Zoggen is soft mushy food for babies who don’t have any teeth. (The researcher reads the 
word and meaning printed on the card.) 
(Cover card.) 
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What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
7. (Present card displaying written word.) 
The word is liggenwal. (The researcher reads the word printed on the card.) 
What was the meaning of liggenwal? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A liggenwal is a person who is very mean to other people and animals. (The researcher 
reads the meaning printed on the card.) 
 (Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
8. (Present card displaying written word.)  
The word is tibbalin. (The researcher reads the word printed on the card.) 
What was the meaning of tibbalin? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
A tibbalin is a large deer with long branching antlers who lives in the woods. (The 
researcher reads the word and meaning printed on the card.) 
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(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
9. (Present card displaying written word.) 
The word is jickum. (The researcher reads the word printed on the card.) 
What was the meaning of jickum? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.)  
Jickum is squishy wet ground covered in grass. (The researcher reads the word and 
meaning printed on the card.) 
(Cover card.) 
What is the word? 
(Student responds.) 
(Take the index card back from the student.) 
 
10. (Present card displaying written word.) 
The word is prulun. (The researcher reads the word printed on the card.) 
What was the meaning of prulun? 
(Student orally responds.) 
(Turn the card over showing the word and its meaning.) 
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A prulun is a big strong truck that carries heavy loads. (The researcher reads the word 
and meaning printed on the card.) 
(Cover card.) 
What is the word? 
(Student responds.) 
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Appendix C – Posttest Procedure and Script 
Posttest Routines 
Free Recall  
 
Instructions: “Now I would like you to tell me as many vocabulary words and meanings 
as you can recall. You might remember a word but not its meaning, or a meaning but not 
its label. That is okay. Just tell me as much as you can remember.” (Student orally 
responds.) 
Word Recall  
 
Instructions: “Now I will see whether you can recall the pronunciations of the words we 
just practiced.” 
 
-“This word means a dog who doesn’t have any home so is homeless. What is the 
word?” 
(Student orally responds.) 
 
-“This word means a large deer with long branching antlers who lives in the 
woods. What is the word?” 
(Student orally responds.) 
 
-“This word means squishy wet ground covered in grass. What is the word?” 
(Student orally responds.) 
 
-“This word means soft mushy food for babies who don’t have any teeth. What is 
the word?” 
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(Student orally responds.) 
 
-“This word means a person who is very mean to other people and animals. What 
is the word?” 
(Student orally responds.) 
 
-“This word means a small electronic organ or piano with a single keyboard for 
making music. What is the word?” 
(Student orally responds.) 
 
-“This word means a family of whales who live in the ocean. What is the word?” 
(Student orally responds.) 
 
-“This word means the name of each of the steps on a ladder so people can climb 
it. What is the word?” 
(Student orally responds.) 
 
-“This word means a small mouselike rodent who can jump very high. What is the 
word?” 
(Student orally responds.) 
 
-“This word means a big strong truck that carries heavy loads. What is the word?” 
(Student orally responds.) 
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Memory for Spellings and Meanings and Use in Sentences 
 
Instructions: “Now I will see whether you can remember the words we just practiced.  I’ll 
ask you to write the words, tell me their meanings, and embed the words in meaningful 
sentences”. 
 
- “Write the word liggenwal.” 
(Student responds in writing.) 
 - “What was the meaning of liggenwal?”  
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word nuppelin.” 
 (Student responds in writing.) 
 - “What was the meaning of nuppelin?”  
 (Student orally responds.) 
-“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word zoggen.” 
(Student responds in writing.) 
 - “What was the meaning of zoggen?”  
 (Student orally responds.) 
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 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word hettundut.” 
(Student responds in writing.) 
 - “What was the meaning of hettundut?”  
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
- “Write the word jickum.” 
 (Student responds in writing.) 
- “What was the meaning of jickum?”  
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word tibbalin.” 
 (Student responds in writing.) 
 - “What was the meaning of tibbalin?” 
  (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
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“Write the word prulun.” 
 (Student responds in writing.) 
 - “What was the meaning of prulun?”  
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word gadle.” 
(Student responds in writing.) 
 - “What was the meaning of gadle?” 
  (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word rittunjom.” 
 (Student responds in writing.) 
 - “What was the meaning of rittunjom?”  
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
 
-“Write the word wugger.” 
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 (Student responds in writing.) 
 - “What was the meaning of wugger?” 
 (Student orally responds.) 
 -“Please use this word in a meaningful sentence.” 
 (Student orally responds.) 
Multiple Choice Test of Word Meanings 
 
Instructions: “I am going to read you some multiple-choice questions about the words 
you learned. The possible multiple-choice answers in each of these questions are not 
restatements of the meanings but are extensions of the meanings. Please select the best 
possible answer to each question.”  
1. Where would you find a hettundut? 
a) in a forest 
b) in a large body of water 
c) on a highway 
 
2. A nuppelin: 
a) can help a person reach something above their head. 
b) can easily avoid someone trying to catch it. 
c) lives on the streets. 
 
3.  A prulun is most likely to: 
a) mistreat animals. 
b) accompany a singer. 
c)   weigh several tons. 
 
4. A liggenwal is most likely to:  
a) taste good. 
b) transport cars. 
c) yell at a child. 
 
5. Zoggen is something that:  
a) is very slippery. 
b) can be stirred in a bowl. 
c)  can make a big splash in the water. 
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6. A tibbalin is usually seen where there: 
a) are many trees. 
b) are a lot of cars . 
c) is a lot of water. 
 
7. Jickum is something that: 
a) tastes good. 
b) can get a person’s shoes dirty. 
c)   floats in the water. 
 
8. A wugger is something that: 
a) can be carried around. 
b) does not have an owner. 
c) leaps over objects.  
 
9. When you see a rittunjom it is best to: 
a) not talk with him or her. 
b) contact the appropriate city agency. 
c) walk slowly to avoid slipping. 
 
10. A gadle is something that most likely would be:  
a) seen where there are waves. 
b) seen at the top of a tree. 
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Appendix D – Posttest Interview Questions – Self-Report of 
Mnemonic Strategy 
 
Instructions: “Now I would like you to tell me about the method you used for learning the 
vocabulary words. What did you do to help you remember the words and their 
meanings?” 
“How much did that help you remember the words?”  
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Appendix E- Telephone Follow-up Questions 
 
Instructions: “Now I would like to see whether you remember the meanings of the 
vocabulary words that you learned approximately two weeks ago.” 
1. “What is the meaning of hettundut?” 
2. “What is the meaning of nuppelin?”  
3. “What is the meaning of zoggen?” 
4. “What is the meaning of liggenwal?” 
5. “What is the meaning of prulun?” 
6. “What is the meaning of tibbalin?” 
7. “What is the meaning of jickum?” 
8. “What is the meaning of wugger?” 
9. “What is the meaning of rittunjom?” 
10. “What is the meaning of gadle?” 
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Appendix F- Quantitative Checklist for Visual and Sensory Motor 
Images 
 
Visual and sensory motor students are asked to report on what they are either imagining 
through observation (visual) or personal involvement (sensory motor). Students will be 
encouraged to utilize the checklist of features below in order to imagine and report on 
imagery that relates to the meanings of the pseudo words that they are being taught. 
Visual students will be awarded one point for each of the categories and features on the 
first table below that are identified in their visual imagery reports. This will also include 
features not included on this checklist. They will be asked to provide as many of the 
categories and features as they can. Sensory motor students will be awarded one point for 
each of the categories and features on the second table below that are identified in their 
sensory motor imagery reports. This will also include features not included on this 
checklist. They will be asked to provide as many of the categories and features as they 
can.  
 
Visual Category Visual Features 
☐Size  ☐Small ☐Large 
☐Tiny 
☐Wide 
☐Other  _______________ 
☐Shape  ☐Circle ☐Square 
☐Triangle 
☐Rectangle 
☐Other   _______________ 
☐Color  ☐Red ☐Blue 
☐Green 
☐Brown 
☐Other  _______________ 
☐Luminance  ☐Dark ☐Bright 
☐Sparkling 
☐Flickering 
☐Other  _______________ 







☐Other  _______________ 
☐Emotion  ☐Happy ☐Sad 
☐Angry 
☐Scared 
☐Other  _______________ 
 
Sensory Motor Category Sensory Motor Features 
☐Sights 
 





☐Other  _______________ 
   ☐Shape  ☐Circle ☐Square 
☐Triangle 
☐Rectangle 
☐Other   _______________ 
   ☐Color  ☐Red ☐Blue 
☐Green 
☐Brown 
☐Other  _______________ 
   ☐Luminance  ☐Dark ☐Bright 
☐Sparkling 
☐Flickering 
☐Other  _______________ 
   ☐Action  ☐Running ☐Jumping 
☐Flying 
☐Lightening 
☐Other  _______________ 
   ☐Emotion  ☐Happy ☐Sad 
☐Angry 
☐Scared 
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☐Other  _______________ 
☐Sounds   ☐Loud ☐Soft 
☐Crashing 
☐Banging 
☐Other  _______________ 
☐Tastes  ☐Bitter ☐Sweet 
☐Salty 
☐Sour 
☐Other  _______________ 
☐Smells  ☐Musty ☐Rotting 
☐Gaseous 
☐Floral 
☐Other  _______________ 
☐Feelings of touch ☐Rough ☐Smooth 
☐Cold 
☐Hot 
☐Other  _______________ 
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Appendix G- Definition Recall Test Rubric 
 
A hettundut is a family of whales who live in the ocean. 
• Award 1 point if family or group of whales is mentioned. 
• Award 0.5 points if whales are mentioned. 
• Award 0 points if whales are not mentioned. 
 
A nuppelin is the name of each of the steps on a ladder so people can climb it. 
• Award 1 point if steps and ladder are mentioned. 
• Award 0.5 points if steps or ladder are mentioned. 
• Award 0 points if neither steps or ladder are mentioned. 
 
A prulun is a big strong truck that carries heavy loads. 
• Award 1 point if big truck, strong truck, or truck that carries heavy loads is 
mentioned. 
• Award 0.5 points if truck is mentioned. 
• Award 0 points if truck is not mentioned. 
 
A liggenwal is a person who is very mean to other people and animals. 
• Award 1 point if mean person to people and animals is mentioned. 
• Award 0.5 points if mean person to people, mean person to animals, or mean 
person is mentioned. 
• Award 0 points if mean person is not mentioned. 
 
Zoggen is soft mushy food for babies who don’t have any teeth. 
• Award 1 point if soft or mushy food for babies is mentioned. 
• Award 0.5 points if baby food is mentioned. 
• Award 0 points if baby food is not mentioned. 
 
A tibbalin is a large deer with long branching antlers who lives in the woods. 
• Award 1 point if deer with long or large antlers is mentioned. 
• Award 0.5 points if deer is mentioned. 
• Award 0 points if deer is not mentioned. 
 
Jickum is squishy wet ground covered in grass. 
• Award 1 point if wet or squishy ground and grass are mentioned. 
• Award 0.5 if wet or squishy ground or grass are mentioned. 
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A wugger is a small electronic organ or piano with a single keyboard for making music. 
• Award 1 point if organ and piano are mentioned or if electronic organ or 
electronic piano are mentioned. 
• Award 0.5 points if organ or piano are mentioned. 
• Award 0 points if neither organ nor piano are mentioned. 
 
A rittunjom is a dog who doesn’t have any home so is homeless. 
• Award 1 point if homeless dog is mentioned. 
• Award 0.5 points if dog is mentioned. 
• Award 0 points is dog is not mentioned. 
 
A gadle is a small mouselike rodent who can jump very high. 
• Award 1 point if mouse, rat, or rodent that can jump high is mentioned. 
• Award 0.5 if mouse, rat, or rodent is mentioned. 

















Anderson, J. R. (2010). Cognitive psychology and its implications (7th ed.). New York: 
Worth Publishers. 
Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain Sciences, 22, 
577-609.  
Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 59, 617-645. 
Barsalou, L. W., Solomon, K. O., & Wu, L.L. (1999). Perceptual stimulation in 
conceptual tasks. In M. K. Hiraga, C. Sinha, and S. Wilcox (Eds.), Cultural, 
typological, and psychological perspectives in cognitive linguistics: Proceedings 
of the Fourth Conference of the International Cognitive Linguistics Association 
(Vol. 3, pp. 209-228). Amsterdam: John Benjamins. 
Beck, I., & McKeown, M. (1999). Comprehension: The sine qua non of reading. 
Teaching & Change, 6, 197-212. 
Beck, I. L., Perfetti, C. A., & McKeown, M. G. (1982). Effects of long-term vocabulary 
instruction on lexical access and reading comprehension. Journal of Educational 
Psychology, 74(4), 506-521. 
Biemiller, A. (2001). Teaching vocabulary: Early, direct, and sequential. American 
Educator, 25, 24-47. 
Biemiller, A., & Boote, C. (2006). An effective method for building meaning vocabulary 
in primary grades. Journal of Educational Psychology, 98, 44-62.  
Birsh, J. R. (2005). Multisensory teaching of basic language skills. Baltimore, Md: Paul 
Brookes Publishing Co. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 269 
Birsh, J. R. (2007). Multisensory teaching of basic language skills (2nd Ed.). York, P.A: 
Brooks Publishing. 
Blewitt, P., Rump, K., Shealy, S., & Cook, S. (2009). Shared book reading:  
When and how questions affect young children’s word learning. Journal of 
Educational Psychology, 101, 294-304. 
Bloom, P. (2001). Precis of how children learn the meanings of words. Behavioral and 
Brain Sciences, 24, 1095-1103. 
Bos, C. S., & Anders, P. L. (1990). Effectives of interactive vocabulary instruction on the 
vocabulary learning and reading comprehension of junior high learning disabled 
students. Learning Disability Quarterly, 13, 31-42. 
Boulenger, V. (2009). Grasping ideas with the motor system: Semantic somatotopy in 
idiom comprehension. Cerebral Cortex, 19, 1905-1914. 
Brown, J. I., Fishco, V.V., & Hanna, G. (1993). Nelson-Denny Reading Test (Form G). 
Chicago: Riverside Publishing. 
Cain, K. (2007). Deriving word meanings from context: Does explanation facilitate 
contextual analysis? Journal of Research in Reading, 30, 347-359.  
Carroll, L. (1872). Through the looking glass and what Alice found there. London: 
Macmillan. 
Clark, E. V. (1973). What’s in a word? On the child’s acquisition of semantics in his first 
language. In T. E. Moore (Ed.), Cognitive development and the acquisition of 
language (65-110). New York: Academic Press. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 270 
Clark, E. V. (1983). Meanings and concepts. In J. H. Flavell & E. M. Markman (Eds.), 
Handbook of child psychology, Vol. III: Cognitive Development (pp. 787-840). 
New York: Wiley. 
Clark, E. V. (1993). The lexicon in acquisition. Cambridge: Cambridge University Press. 
Clark, E. V. (2009). First language acquisition (2nd ed.). Cambridge, U.K.: Cambridge 
University Press. 
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155-159. 
Cohen, M. T., & Johnson, H. L. (2011). Improving the acquisition of novel vocabulary 
through the use of imagery interventions. Journal of Early Childhood Education, 
38, 357-366. 
Colenbrander, D., Miles, K. P., & Ricketts, J. (2019). To see or not to see: How does 
seeing spelling support vocabulary learning? Language, Speech, and Hearing 
Services in Schools, 50, 609-628. 
Commodari, E., Guarnera, M., Di Stefano, A., & Di Nuovo, S. (2020). Children learn to 
read:  How visual analysis and mental imagery contribute to the reading 
performance at different stages of reading acquisition. Journal of Psycholinguistic 
Research, 48, 59-72. 
Coyne, M., McCoach, D., & Kapp, S. (2007). Vocabulary intervention for kindergarten 
students: Comparing extended instruction to embedded instruction and incidental 
exposure. Learning Disability Quarterly, 30, 74-88.  
Cunningham, A. E., & Stanovich, K. E. (1997). Early reading acquisition and its relation 
to reading experience and ability 10 years later. Developmental Psychology, 33, 
934-945. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 271 
Douville, P. (1998). Bringing text to life: The effects of a multi-sensory imagery strategy 
of fifth graders’ prose processing and attitude reading. A research report 
presented at the 43rd Annual Meeting of the International Reading Association. 
Orlando, FL. 
Douville, P., & Boone, E. (2003). Scaffolding mental imagery with elementary, readers. 
Paper presented at the North Carolina Reading Association 34th Annual 
Conference, Greensboro, NC. 
Ehri, L. C. (1995). Phases of development in learning to read by sight. Journal of 
Research in Reading, 18, 116-125. 
Feynman, R. P. (1966) . "What is Science?". The Physics Teacher, 7 (6): 313-320. 
Fishco, V. V. (2019). Nelson-Denny Reading Test (Form I). Austin: PRO-ED, Inc. 
Gall, M. D., Gall, J. P., & Borg, W. R. (2007). Educational Research: An Introduction- 
8th Edition. New York: Pearson Education, Inc. 
Gardner, H. (1985). Frames of mind: The theory of multiple intelligences. New York: 
Basic Books. 
Gibson, E. J. (1969). Principles of perceptual learning and development. Englewood 
Cliffs, NJ: Prentice Hall. 
Gibson, E. J. (1988). Exploratory behavior in the development of perceiving, acting, and 
the acquiring of knowledge. Annual Review of Psychology, 39, 1-41. 
Glenberg, A. M. (2007). Language and action: Creating sensible combinations of ideas. 
In G. Gaskell (Ed.), The Oxford handbook of psycholinguistics (pp. 361-370). 
Oxford, UK: Oxford University Press. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 272 
Glenberg, A. M., Gutierrez, T., Levin, J. R., Japuntich, S., & Kaschak, M. P. (2004). 
Activity and imagined activity can enhance young children’s reading 
comprehension. Journal of Educational Psychology, 96, 424-436. 
Gonzalez, J., Barros-Loscertales, A., Pulvermuller, F., Meseguer, V., Sanjuan, A., 
Belloch & Avila, C. (2006). Reading cinnamon activates olfactory brain regions. 
NeuroImage, 32, 906-912. 
Gough, P., & Tunmer, W. (1986). Decoding, reading and reading disability. Remedial 
and Special Education, 7, 6-10. 
Hallahan, D. P., & Kauffman, J. M. (1976). Introduction to learning disabilities: A 
psychobehavioral approach. Upper Saddle River, NJ: Prentice Hall. 
Hartman, A. (1974). The effects of pairing olfactory stimuli with words on the acquisition 
of word recognition skills of kindergarten students (Unpublished doctoral 
dissertation). Ohio State University, OH. 
Hauk, O., Johnsrude, I., & Pulvermuller, F. (2004). Somatotopic representation of action 
verbs in human motor and premotor cortex. Neuron, 41, 301-307. 
Hazoury, K. H., Oweini, A. A., & Bahous, R. A. (2009). A multisensory approach to 
teach Arabic decoding to students with dyslexia. Learning Disabilities: A 
Contemporary Journal, 7, 1-20. 
Heilman, A. W., Blair, T. R., & Rupley, W. H. (1990). Principles and practices of 
 teaching reading (7th ed.). Columbus, OH: Merrill Publishing Company. 
Howell, S. R., Jankowicz, D., & Becker, S. (2005). A model of grounded language 
acquisition: Sensorimotor features improve lexical and grammatical learning. 
Journal of Memory and Language, 53, 258-276. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 273 
IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0 – Armonk, 
NY: IBM Corporation. 
Jitentra, A. K., Edwards, L. L., Sacks, G., & Jacobson, L. A. (2004). What research says 
about vocabulary instruction for students with learning disabilities. Exceptional 
Children, 70, 299-322. 
Kameenui, E., Carnine, D., & Freschi, R. (1982). Effects of text construction and 
instructional procedures for teaching word meanings on comprehension and 
recall. Reading Research Quarterly, 17(3), 367-388. 
Koenig, M. A., & Woodward, A. L. (2007). Word learning. In M. G. Gaskell (Ed.), 
Oxford Handbook of Psycholinguistics (pp. 617-626). New York: Oxford 
University Press. 
Lacey, S., Stilla, R., & Sathian, K. (2012). Metaphorically feeling: Comprehending 
textural metaphors activates somatosensory cortex. Brain and Language, 120, 
416-421. 
Lakoff, G. & Johnson, M. (2003). Metaphors we live by. Chicago, IL, USA: The 
University of Chicago Press. 
Leopold, C., Mayer, R. E., & Dutke, S. (2019). The power of imagination and perspective 
in learning from science text. Journal of Educational Psychology, 111, 793-808. 
Magpuri-Lavell, T., Paige, D., Williams, R., Akins, K., & Cameron, M. (2014). The 
effects of a summer reading program using simultaneous multisensory instruction 
of language arts on reading proficiency. Reading Improvement, 51(4), 361. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 274 
Mayer, K. M., Yildiz, I. B., Macedonia, M., & von Kriegstein, K. (2015). Visual and 
motor cortices differentially support the translation of foreign language words. 
Current Biology, 25, 530-535. 
McKeown, M. G., Beck, I. L., Omanson, R. C., & Perfetti, C. A. (1983). The effects of 
long-term vocabulary instruction on reading comprehension: A replication. 
Journal of Reading Behavior, 15(1), 3-18. 
Montessori, M. (1964). The Montessori method. New York: Schocken Books. 
Morett, L. M. (2019). The power of an image: images, not glosses, enhance learning of 
concrete L2 words in beginning learners. Journal of Psycholinguistic Research, 
48, 643-664. 
National Reading Panel (2000). Report of the National Reading Panel: Teaching children 
to read: An evidence-based assessment of the scientific research literature on 
reading and its implications for reading instruction: Reports of the subgroups. 
Rockville, MD: NICHD Clearinghouse. 
Ocal, T & Ehri, L (2017). Spelling ability in college students predicted by decoding, print 
exposure, and vocabulary. Journal of College Reading and Learning, 47, 58-74. 
Ogden, C. K., & Richards, I. A. (1930). The meaning of meaning. N.Y.: Harcourt Brace. 
Ouellette, G. (2010). Orthographic learning in learning to spell: The roles of semantics 
and type of practice. Journal of Experimental Child Psychology, 107, 50-58. 
Paivio, A. (1971). Imagery and verbal processes. New York: Holt, Rinehart & Winston. 
Paivio, A. (1986). Mental representations: A dual coding approach. New York: Oxford 
University Press. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 275 
Pressley, M., Levin, J. R., & Delaney, H. D. (1982). The mnemonic keyword method.    
Review of Educational Research, 52, 61-91. 
Pulvermuller, F. (2005). Brain mechanisms linking language and action. National Review 
of Neuroscience, 6, 576-582. 
Rose, A. (1995). Lewis Carroll’s ‘Jabberwocky’: Non-sense not nonsense. Language and 
Literature, 4, 1-15. 
Rosenthal, J., & Ehri, L. C. (2008). The mnemonic value of orthography for vocabulary 
learning. Journal of Educational Psychology, 100, 175-191. 
Sadoski, M. (2006). A dual coding view of vocabulary learning. Reading and Writing 
Quarterly: Overcoming Learning Difficulties, 21, 221-238. 
Sadoski, M., & Goetz, E. T. (1985). Relationships between affect, imagery, and 
importance ratings for segments of a story. In J. A. Niles, and R. Lalik (Eds.), 
Issues in Literacy: A research perspective (pp. 180-185). Thirty-fourth Yearbook 
of the National Reading Conference. Washington, DC: National Reading 
Conference. 
Sadoski, M., Goetz, E. T., & Kangiser, S. (1988). Imagination in story response: 
Relationships between imagery, affect, and structural importance. Reading 
Research Quarterly, 23, 320-336. 
Sadoski, M., Goetz, E. T., Olivarez, A., Lee, S., & Roberts, N. M. (1990). Imagination in 
story reading: The role of imagery, verbal recall, story analysis, and processing 
levels. Journal of Reading Behavior, 22, 55-70.  
Sadoski, M., & Paivio, A. (2001). Imagery and text: A dual coding theory of reading  
 and writing. Mahwah, NJ: Lawrence Erlbaum Associates. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 276 
Sadoski, M., & Paivio, A. (2013). Imagery and text: A dual coding theory of reading and 
writing (2nd ed.). New York: Routledge. 
Sagarra, N., & Alba, M. (2006). The key is in the keyword: L2 vocabulary learning 
methods with beginning learners of Spanish. The Modern Language Journal, 90, 
228-243. 
Scofield, J., Hernandez-Reif, M., & Keith, A. (2009). Preschool children’s multimodal 
word learning. Journal of Cognition and Development, 10, 306-333. 
Shen, H. (2010). Imagery and verbal coding approaches in Chinese vocabulary 
instruction, Language Teaching Research, 14, 485-499. 
Smith, B., Miller, C., Grossman, F., & Valeri-Gold, M. (1994). Vocabulary retention: 
Effects of using spatial imagery on hemispheric-preference thinkers. Journal of 
Research and Development in Education, 27, 224-252. 
Smith, B. D., Stahl, N., & Neil, J. (1987). The effect of imagery instruction on 
vocabulary development. Journal of College Reading and Learning, 20, 131-137. 
Stahl, S. (1983). Differential word knowledge and reading comprehension. Journal of 
Reading Behavior, 15(4), 33-50. 
Stahl, S. & Fairbanks, M. M. (1986). The effects of vocabulary instruction: A model-
based meta-analysis. Review of Educational Research, 56, 72-110. 
Steingart, S. K., & Glock, M. D. (1979). Imagery and the recall of connected discourse. 
Reading Research Quarterly, 15, 66-83.  
Sternberg, R. J. & Sternberg, K. (2016).  Cognitive Psychology (7th ed.). Belmont, CA: 
Wadsworth Publishing. 
The Effects of Multisensory Imagery on Vocabulary Learning 
 277 
Taheri, A. A., & Davoudi, M. (2016). The effect of the keyword method on vocabulary 
learning and long-term retention. International Journal of Language and 
Linguistics, 3, 114-125. 
Thelen, E. (2000). Grounded in the world: Developmental origins of the embodied mind. 
Infancy, 1, 3-30. 
Thelen, E., Schoner, G., Scheir, C., & Smith, L.B. (2001). Behavioral and Brain 
Sciences, 24, 70-80. 
Van Hell, J. G., & Mahn, A. C. (1997). Keyword mnemonics versus rote rehearsal: 
Learning concrete and abstract foreign words by experienced and inexperienced 
learners. Language Learning, 47, 507-546. 
VandenBos, G. R. (Ed.). (2007). APA Dictionary of Psychology. Washington, DC: 
American Psychological Association. 
Wang, L. & Li, J. (2019). Development of an innovative dual-coded multimedia 
application to improve reading comprehension of students with imagery deficit. 
Journal of Educational Computing Research, 57, 170-200.  
Werner, H., & Kaplan, E. (1950). The acquisition of word meanings: A developmental 
study. Monographs of the Society for Research in Child Development, 15, No. 1., 
pp. 1-120.  
Woodcock, R. W. (1987). Woodcock Reading Mastery Tests-Revised (WRMT-
R). Circular Pines, MN: American Guidance Service. 
Woodcock, R. W. (2011). Woodcock Reading Mastery Tests-Third Edition (WRMT-III).                                  
 Bloomington, MN: NCS Pearson. 
 
 
